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Industry Guide (IG)- Basic Objective

To develop a consistent / uniform (industry-wide)
approach to licensing applications for burnup extension
beyond 62 GWd/MTU
- Simplify vendor I licensee applications (IG to be used as basis)

- Simplify regulatory review (only deviations from IG need to be
evaluated)
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Prior Interactions with NRC on Burnup Extension

* Informal discussions on burnup extension in 1997 -
1998
- Feedback from G. Holahan

* Formal NRC - Industry meeting in January 13, 1999
- Industry was represented by the Fuel Reliability Program - FRP (at

the time named: the Robust Fuel Program) on behalf of NEI
- Presented the Industry I FRP objective of licensing fuel to maximum

bumups economically achievable within the 5% enrichment limit
- Target (lead rod) bumups believed achievable:

75 GWd/MTU - PWR
70 GWd/MTU - BWR
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Prior Interactions with NRC on Burnup Extension
(continued)

NRC feedback from 1/13/99 meeting (Verbalcomments,
Overall perspective summarized by M. Chatterton in her paper at the 2000
International Topical Meeting on LWR Fuel Performance Park City. Utah)
- The industry should come up with a consistent and systematic

approach (no vendor / application-specific case-by-case requests)
- In the past NRC supported research needed to define criteria, industry

only needed to demonstrate conformance
- In the future industry will have to develop criteria and provide

justification in addition to demonstrating conformance

The Industry Guide has been prepared in response
to this guidance from the NRC
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Prior Interactions with NRC Specifically on the IG

* Preliminary draft of IG (Rev 4) submitted to NRR on
March 21, 2000

* Meeting held to discuss approach on March 30, 2000
- Minutes by P. Wen

* Response: Appears reasonable ... level of detail
appropriate.

* Specific suggestions received (letter from J. Wermiel -
NRC to T. Rieck - Exelon dated May 3, 2000)

* Response letter and revised draft (Rev 5) submitted by
NEI (letter from D. Modeen - NEI to G. Holahan - NRC
dated October 10, 2000)
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The Current Version of the IG

* Published in October 2004 (Rev 12) as an EPRI report
(Licensing Criteria for Fuel Burnup Extension Beyond 62 GWd/tU
- Industry Guide, EPRI 1008108)

* Represents industry perspective - (Prepared with input and
review comments from member utilities and all fuel vendors).

* RIA and LOCA-relevant criteria referred to separate
topical reports:
- RIA report (EPRI 1002865) currently under review by NRR
- Topical report on LOCA is being prepared on the basis of results from

ongoing experimental programs (ANL, Halden, JAERI, CEA, etc.)

* The IG is to be submitted by NEI for review as an
Industry Topical Report
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Basis for Request for Waiver of Part 170 Fees

The IG is considered to be relevant to NRC performance goals:
* Maintain Safety - establishes clear, technically based tie between

licensing criteria and regulatory requirements to be met by fuel
* Maintain Public Confidence - development of process that clearly

identifies the basis for demonstration that fuel can be operated at
higher bumup levels

* ImDrove Efficiency and Effectiveness of Regulation - establishes a
single, comprehensive set of licensing criteria for use by
licensees, fuel vendors and NRC

* Reduce Unnecessary Burden - Identification of review criteria
upfront will enable licensees to plan licensing efforts and avoid
costly last minute surprises. Technically based criteria will help
streamline the review process.
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Basis for Request for Waiver of Part 170 Fees

(continued)

Guidance received from March 2000 meeting':

Oon the basis of information provided by NEI the staff indicated that
the review of these documents would be exempt from NRC fees because
the NEI effort involves the development of generic guidance for
industry-wide use'

Rer: Memorandum from peter C. Wen to Cynthia Carpenter dated April 6. 2000 Summary of
March 30. 2000 Meeting with Nuclear Energy Institute and Electric Power Institute Regarding
High Bumup Fuel Issues'

Same basis as RIA topical - currently under review
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Overview of the
Ha_ -Industry -Guide

NRR - Industry Meeting
February 9, 2005

Robert Montgomery
ANATECH'
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' Outlineibf Presentation;

* Background/Basis for the Industry Guide Document

* Overview of Burnup Evaluation Process

* Example of Burnup Evaluation

* Conclusions
r M.n. .. .. . F
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NRC Guidelines for Burnup Extension'

* Prototypical LTA program up to the proposed burnup limit
- Obtain fuel performance data under near-limiting operation
- Pre-irradiation characterization and poolside post-irradiation exams

* Review impact of burnup on the current licensing baasis, fuel design
criteria, and General Design Criteria (GDC)
- Use systematic approach with risk informed considerations
- Maintain defense in depth and assure adequate safety margin
- Include IRI, AOA, high crud buildup, and oxidation
- Address RIA, LOCA and ATWS events

* Fuel performance monitoring program
- Collection of data to demonstrate expected performance

1. Chatterton. M.S. 'Paper Regulatory Perspectives on High Bumup Fuel Issues and Bumup Extension,' Proceedings of
the American Nuclear Society Intemational Topical Meeting on LWR Fuel Performance, Park City, Utah, April 2000.
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NRC Suggested SystematicApproach for
Justification of Limits

* Evaluation plan for each limit should identify
- Governing phenomena
- How phenomena are included in limits or methodology
- Data needed to characterize phenomena
- Methods development needs

* Outline data requirements
- Data needed to qualify models/evaluation
- Data needed to justify limits
- Data needed to demonstrate compliance
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Industry Initiatives to Address Burnup
PExtension

* Protoypical LTA programupto the proposed burnup limit
- WOG topical report Limited Scope High Burnup LTAuWCAP-15604-NP

.- - .i . -. -:; -- '

* Review impact of burnup on the current licensing basis, fuel
design criteria, and General Design Criteria (GDC)
- EPRI Report "Licensing Criteria for Fuel Burnup Extension Beyond 62

GWd/tU - Industry Guide" 1008108
-- EPRI Report 'Topical Report on Reactivity Initiated Accident: Bases

for RIA Fuel and Core Coolability Criteria" 1002865.
- EPRI Report 'Three-Dimensional Rod Ejection Accident Peak Fuel

Enthalpy Analysis Methodology" 1003385- - |

- EPRI Report Topical Report on LOCA Cladding Embrittlement'
Criteria" under development.
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Objectives for-Industry Guide

* Provide a consistent industry-wide approach to license burnup
extensions for LWR fuel. , .

* Simplify the burden of demonstrating adequate performance at
targeted burnup limits, ,

* Develop licensing criteria for.fuel burnup extension
- Review and assess current licensing bases for applicability to burnup

levels beyond 62.GWd/IU
Identify the need for modifications or additions to existing licensing
bases (criteria and analysis methodology)

- Justify existing criteria and/orpropose new criteria'
- Identify data needed to supportfuel operation beyond 62 GWd/tU
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Design Basis Limits/Criteria Addressed in Review

* Fuel System Damage (criteria most applicable to normal operation
and AOOs)
- Design Stress, Design Strain, Strain Fatigue, Fretting Wear,

Oxidation, Hydriding, Crud, Structural Bow (Rod Bow), Irradiation
Growth, Internal Gas Pressure, Hydraulic Lift Loads, Mechanical
Insertion of Reactivity Devices (Fuel Assembly Lateral Deflection)

* Fuel Rod Failure (criteria that apply to normal operation, A0Os,
and postulated accidents)
- Internal Hydriding, Cladding Collapse, Fretting, Overheating of

Cladding, Overheating of Fuel Pellets, Excess Fuel Enthalpy,
Pellet/Cladding Interaction, Clad Rupture Mechanical Fracturing

* Fuel Coolability (criteria for postulated accidents)
- Cladding Embrittlement, Violent Expulsion of Fuel, Generalized Clad

Melting, Fuel Rod Ballooning, Structural Deformation

NRA-IncJstry Meeting. February 9, 2005 .7- Fuel Reliability Program
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Review Process

* A systematic process developed to review and assess the
applicability of the existing fuel design bases above 62 GWd/tU
- Identify the burnup considerations and data needs associated with the

licensing limits used for fuel rod and assembly design analysis
* Baseline established using current design approach

- Licensee fuel design topical reports
- Guidelines outlined in the SRP Section 4.2

* Evaluated broad spectrum of important burnup effects to identify the
fuel behavior phenomena that are impacted by burnup
- Fuel-related General Design Criteria specified in 10CFR50 Appendix A
- Technical experience available from international experimental programs

such as Halden, CABRI, and NFIR
- Post-irradiation examination results on high burnup fuel
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Four Stage Review Process
;. .. .. .. 1. .

0DEstablish Baseline for Current Fuel System Designs
(Requirements, Limits, Parameters, Methods, Measures and Data)

Perform Burnup Effects Screening Evaluation
(Is there a burnup effect?)

2ati>.
Perform Comprehensive Burnup Effects Evaluation

(How to address bumup effects?)

A.
Establish New Baseline for Licensing

Fuel System Designs for Extended Burnup
(Requirements, Limits, Parameters, Methods, Measures and Data)

Fuel Reliability ProgramNRR-Industry Meeting. February 9.2005 -9-
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Stage I

The objective ofStage is to establish the baseline for the current
design approach
- Overall review ofthe design bases used to license fuel designs
- current regulatory requirements, licensing limits, and design methods

used to demonstrate compliance

* Establish a clear link between the current regulatory requirements
and the fuel design limits used to demonstrate compliance
- Facilitates the evaluation of burnup extension on the fuel licensing

bases -

.:;L , . . .
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_ _ _ _ _ _ _ __ _ l

Stage 1: Establish Baseline for Current
Fuel System Designs

Identify the regulatory requrements
for fuel designs.

l 1 11 | .identify the relationships between fth
l 1 .fuel design Emnits and regtdatory

Identify the cturent imits placed on reqUremerts.
fuel designs to ensure that the

regulatory requLrements are met.

Identify the key parameter(s) or
measues that descnbe the

relationship between fuel system
response and the fuel design limit

1
l ~Summnarize the design basis approach

used to demnonstrate that fue designs
meet the fuel design Imit

1*Stage 11
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Examples of Review Material Used

* Nonproprietary generic fuel assembly Topical Reports prepared by SPC,
FCF, W, GE and ABB-CE

* Technical Evaluation Reports prepared by PNL on the SPC, W, GE and
FCF Topical Reports

* Standard Review Plan Section 4.2, 15.4.8/Appendix A, 15.4.9/Appendix A
* Regulatory Guide 1.77 "Assumptions Used for Evaluating a Control Rod

Ejection Accident for Pressurized Water Reactors"
* 10 CFR 50 Appendix A - "General Design Criteria for Nuclear Power

Plants"
* 10 CFR 100 Part 11 - "Determination of Exclusion Area, Low Population

Zone, and Population Center Distance"
* NRC PWR RIA Phenomena Identification and Ranking Tables Report
* ASME Boiler and Pressure Vessel Code
* Zirconium alloy publications
* MATPRO

NRA-Industry Meeting. February 9.2005 
-12- Fuel Reliability Program
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Stage 11

* Stage 11 is the burnup effects screening evaluation
- Identify the impact of burnup extension on the design

specific fuel design limit

* Utilizes a series of questions to classify fuel design
design methods
- Already apply to extended burnup
- Require a more in-depth review

bases for a

limits and

. . .. i .

I ,
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Stage 11: Burnup Effects Screening Evaluation
', ... '. 1' - ;I .

up Do bumupuad - have an effect
y ;,.- on em current
xor tu -design
rthe kmh?

22. . " I
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Stage III

* Stage Ill activity is an extension of the NRC PIRT process to
assess the design bases for an event
- Industry review focused on supporting existing or newly defined

licensing limits used to demonstrate compliance to the regulations
* Phenomena identified in Stage Ill is separated into two main

categories
- Analysis Methods

Key parameters are selected that represent the outcome of the
licensing methods used to compare to licensing limits (e.g.
deposited energy)

- Licensing Limits
Key parameters are the fuel rod failure and the core coolability
design limits for the accident under review

* Process includes two separate steps to identify the impact of
burnup on the design bases for a particular limit
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Stage III-Step 1: Comprehensive Burnup
Effects Evaluation

NRC Phenoena Identification and Ranking Table Activity

Idnaoty fteruma tt on d w | 1P retatse Im, e d to l
contribute to at key parameter(s) o- pe a to tie key parates) s-

rnorauee for a IL t deign tit miasures

I

Stage III -Step 2
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Stage III-Step 2: Comprehensive Burnup

Effects Evaluation

.~ :;I -! ,~ 1 .:-
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-..... StagelV

* Stage IV is the development of the rationale and justification
required to support the existing licensing bases and any changes
required for extended burnup

* Includes identifying the data required to support extended burnup
and the changes in the design approach to demonstrate
compliance

t.,

I . I .. . . -1 -
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Data Requirements

1. Data needed to establish the impact of burnup on particular fuel
phenomena and parameters that define fuel rod performance

- Thermal and mechanical properties such as thermal conductivity
- Behavioral data including fission gas release and irradiation

growth/swelling
2. Data to justify an existing criterion or justify revisions to the

licensing bases up to burnup levels of 75 GWd/tU
- Data to ensure that the existing or revised criteria establish sufficient

safety margins
- Examples include material property tests, separate effects tests, and

poolside and destructive examinations
3. Data required to demonstrate compliance to the new design bases

for high burnup operation
- Generated from fuel assemblies operated under prototypical power

and coolant chemistry conditions

NFR-Industry Meeting. February 9. 2005 -19- Fuel Reliability Program
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Data to Support Burnup Extension

De ign Basls Limit'Cnril rb Data to Justify Umit De bto Demonatnt
*__ st7snGwtltlI Compliance

1. Fuel Systrm Da-ae

it I DeCign Stress-
.12 Design Strain

1J.3 Strain Fatigne
1.4 Fretting Wewr
1.5 Oxidation
1.8 Hytising-
itCrud

I Structurat BiR(od tBo
1.9 kiadation Growth
1 10 biterndt asO Pressure

I1.11 eydroufic un Lo
1.12 Mechanical Inertimdof Peactivty Conril De4cWei
(Fuel Assernbly Lateral Detection)

2 Fuel Rod Failure

.I _ - … . .. -. . ._ __.. . - - -. ... _-__. _. .
2.1 tnlemal H1r4dwng
2.2 CtadKng Coltap tr
2.3 Fretting
2.4 Ouerteating of OCadinimg
2.5 Oyefisating of Fuel Pellets
2.6 Excesi Fuel Etittra --
IZ7 Pell/Cadding Interaction
228Clad upltu .
2.9 Mechanical Fracturing

3. Fuel Coolabrty_

3.1 alddthn9 Embilr~r
32 Vioent Expulsion d Fue
3.3 Generalized Clad Matting
3.4 Fuel Rod Baltocing
13.5 Swructrat DeOrmstion

Yield StlinglIVUtimatet Tritb Strength Dat
Umubom Elongat.iriTolal Elngation Data

Use Eurating Falrgue Dats
Use Exlsing Fretting Wrw Data

Coosion Rate/Oxide Thickness Data
-H n Pckup tat Data
Cord Layer Thickrieee Data

Not loquired
Not Requored
Not Required

Hlown Spring Force. Fuel Asawnbn Grtith Data
Not Required

.t .. _ __red _ _

Not Required
See 1. -

Not Pl quird
Halden and other lu centerine lenriprattie data

CABF9 Vnd NSFtR Data
Ublormn ElongatrTotal Elongation Data

EdF-Edgar and ANL Test Date
Yild Sres. Data

EdF/JAERVANL Tret Data
CABRI and NSRFI Toet Dati

Not Pequired
EuF-Edgar aind ANL Teat Dat

.------- ieldSresi -

Yeld StrsngtJlWtimatb Tere lbStrength
_rlourm EfngationTotal Eklngation

Use Eaisting Fatigue Data
Us. Exbistig Frettng War Data

Maximurn Oxida Thickness
Hybogan Content
Crud Thckneess

Rcd h>Rod Gap Cto -u

_ Fuel RodiAssont Length
htrtnal Gas Prensure

Holdd wn Spnrig Force
Control Flod h irtdxilt-

INe R;4urred

Not Required
See 1.4

Not required
Fuel Centrldine Ternperature Catos

Fui EntrFttpy Cales
Unifrmi E0ongatiomtTot.t Elongatin

Unmradatd ctading tuble tests

Go~ tench Testi and RCT.
3 D Nautrc Calc S

Not Required
lkirradatad cladding tute tasts

Yis eldSts

N_ ~ n d s r M en. F ~ u . 0 5- 0 -F e e i b l t r g a
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Example:. 2.5 Oxidation

Stage I - Establish Baseline for Current Fuel Designs
1. Application: Fuel system damage during normal operation

2. Standard Review Plan 4.2: Oxidation, hydriding, and the buildup of corrosion
products (crud) should be limited. Allowable oxidation, hydriding, and crud
levels should be discussed in the Safety Analysis Report and shown to be
acceptable. These levels should be presumed to exist in paragraphs (a) and
(b) above. The effect of crud 6n6theimal-hydraulic considerations is reviewed
as described in SRP Section 4.4.'

3. Regulatory Requirement: Specified Acceptable Fuel Design Limit (SAFDL) -
GDC 10, 12, 17, 20, and 25.

NRR-lr.Inds Meefng,Febnuary9,2005 .21- Fuel Reliability Program

2.5 Oxidation
., j ,*. i, _. . .

* Stage I - Establish Baselinejor Current Fuel Designs (cont'd)?
4. Design Limit:

Fuel system shall not be damaged by excessive clad oxidation
* Limit on metal-oxide interface temperature
* Limit on maximum oxide layer thickness
* Limit the thermal and mechanical impact of oxide layer on cladding

strength
5. Design Basis Abproach:

Cladding corrosion models are used to calculate the oxide layer
thickness as function of temperature,'coolant chemistry and
residence time

* Supported by post-irradiation examinations
Use bounding values of wall thinning and oxide layer thickness in
design stress analysis
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2.5 Oxidation |

i

I

* Stage 11 - Burnup Effects Screening Evaluation
- Does bumup have an effect on the key parameter(s) or measures identified for

the fuel limit? - Yes

Key Parameter - oxide layer thickness
Oxide layer thickness increases with residence time in reactor
Zircaloy alloys show acceleration in oxidation rate with burnup
Oxide spallation may occur at critical oxide layer thickness

- Does bumup have an effect on the current fuel limit? - No
The requirement to limit fuel system damage by excessive
cladding oxidation is burnup independent
A limit on oxide layer thickness is burnup independent
Need to address impact of spallation

NAR-Industry Meebng, February 9. 2005 -23- Fuel Reliability Program
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2.5 Oxidation

* Stage 11 - Burnup Effects Screening Evaluation (cont'd)
- Can the effect of bumup be addressed through expansion of current methods,

processes, programs or data? - Yes

- Oxide thickness data at target burnup under prototypical power
and coolant chemistry conditions

,, Hydrogen concentration data to support oxide limit
,, Mechanical property data to support the oxide limit

* Stage Ill - Comprehensive Burnup Effects Evaluation
- Not Applicable in this case

NRR-Inc)jsby Meebng. February 9. 2005 
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2.5 Oxidation

* Stage IV - Assessment

- The design limit used for oxidation should be established to be
consistent with the design strain limit

- Additional oxide thickness data from prototypical power and coolant
chemistry conditions is required to verify the oxidation models

NRR-industry Meebng. Febnjary 9. 2005 -25. Fuel Reliability Program
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Conclusions

* The Industry Guide provides a consistent approach to preparing
licensing applications for extending the burnup of LWR fuel on an
industry-wide basis

* The review presented in the Industry Guide provides the technical
bases to
- Support the existing design bases that are burnup independent
- Identify areas that require burnup dependent considerations,

modifications, or additions
- Specify the data needed to justify the design bases and to

demonstrate compliance at high bumup
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