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'# ^q,', UNITED STATES
8 NUCLEAR REGULATORY COMMISSIONo

{ ,I wasmworow, o. c.2 ossa

% ,,,,, October 11, 1985

Fr. E. P. Rahe, Jr., Manager
Nuclear Safety Department
Westirchouse Electric Corporation
Box 355

,

Pittsburch. Fernsylvania 15230 -

Dear Fr. Rahe:

SUBJECT: ACCEPTANCE FOR REFERFFCTNG OF LICENSING TOPICAL PEPCFT
WCAP-10125(P1, " EXTENDED Bt'PrilP EVALUATION OF WESTINGHOUSE FUEL"

We have completed our review of tha subject topical report subritted by the
Westinghouse Electric Corporation (Westincheurei by letter dated July 28, 1582.
We find the report te te receptable for referencing in license applications
to the extent specified and under the limitations deltrertet in the report
and the asterieted NRC evaluation, which is enclosed. The evaluation defines
the basis for acceptance of the repert.

j he do not intend to repeat our revier cf the matters described in the repcrt
and fcund acceptable when the repcet appears as a reference in license
applications, except to assure thet the material presented.is applicable to
the specific plant involved. Our accepterce applies only to the matters
cescribed in the report.

In e.crerdance with procedures established in NUREG-0390, it is requested that
Wertiretcuse publish accepted versions of this report, proprietary and
non-proprietary, within three months of receipt of this letter. The accepted
versions shall irecrpertte this letter and the enclosed evaluation between the
title page and the abstract. The accepted versiers shall include an -A
(designating accepted 1 following the report identification syrbol.

Sh'nuld our criteria or regulations change such that our conclusions as to the
acceptability of the report are invalidated, Westinghouse and/or the applicants
referencing the topical repert vill be expected to revise and resubmit their
respective docunertatfor, or subnit .fustification for tFc continued effective
applicatility of tFe topical report wittnut revision of their respective
decervrtction.

Sincerely,

C :' O. d : :==
Cecil 0. Theras, Chief
Sttndardization and Special

Prefects Branch
Divister of Licensing

Enclosure:
As stated

___ _ _______ - ___- ._. __.
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1.0 INTRODUCTION

Economics and prudent utilization of resources has led utilities to seek
more efficient use of current generation light water reactors (LWRs). Improved
fuel utilization is one of the avenues being pursued for greater efficiency.
One of the greater improvements in fuel utilization is to increase the fuel
discharge exposure which is currently at batch average burnups of approximately
28 mwd /kgM for BWRs and approximately 33 mwd /kgM for PWRs to batch average

burnups of approximately 40 mwd /kgM and 50 mwd /kgM or above, respectively.

In response to this trend for extended burnup fuel operation, the Nuclear
Regulatory Comission (NRC) has requeste 'ach fuel vendor to prepare and
submit a topical report for review and appro, I that covers extended burnup
experience, methods and test data to provide a generic basis for operation at
extended burnups (Reference 1).

Westinghouse Electric Corporation Westinghouse has submitted such a report
(Reference 2) requesting generic licensing approval of their criteria and
methods used for licensing their fuel d' signs, for application at extendede

burnups. In addition, Westinghouse has also provided responses (References 3
I 4, 5, 6) to NRC questions concerning this submittal.

This review considered only Zircaloy- clad Westinghouse fuel and did not con-
sider the effects of extended burnup on Westinghouse stainless steel clad fuel.

This technical review and evaluation has been performed by Pacific Northwest
Laboratory (PNL) under contract (FIN 82533) with the United States NRC. The
review has been based on References 2 through 6 and Section 4.2 of the Standard
Review Plan (SRP) (Referenca 7) and covers the fuel assembly, fuel rods, and
burnable poison rods but does not include the rod cluster control assemblies
for extended burnup operation.

This report follows the intent of Section 4.2 of the SRP, where appropriate
for a generic review, to insure that all licensing requirements of the fuel

.
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system are reviewed with respect to extended burnup operation. The objective
of Section 4.2 and this review is to provide assurance that, as a result of
extended burnup operation (a) the system is not damaged as a result of nonnal
operation and anticipated operational occurrences, (b) fuel system damage is
never so s'evere as to prevent control rod insertion when it is required, (c) '

the number of fuel rod failures is not underestimated for postulated accidents,
and(d)coolabilityisalwaysmaintained. "Not damaged" is defined as meaning
that fuel rods do not fail, that fuel system dimensions remain within operational
tolerances, and that functional capabilities are not reduced below those assumed
in the safety analysis. This objective implements General Design Criterion ,

(GDC) 10 of 10 CFR Part 50, Appendix A (" General Design Criteria for Nuclear
Power Plants") and the design limits that accomplish this are called Specified
Acceptable Fuel Design Limits (SAFDLs). " Fuel rod failure" means that the

fuel rod leaks and that the first fission product barrier (the cladding) has,
therefore, been breached. Fuel rod failures must be accounted for in the dose
analysis required by 10 CFR Part 100 (" Reactor Site Criteria") for postulated
accidents. "Coolability," which is sometimes termed "coolable geometry," means,
in general, that the fuel assembly retains its rod-bundle geometrical configuration
with adequate coolant channels to permit removal of residual heat after a
severe accident. The general requirements to maintain control rod insertability
and core coolability appear repeatedly in the General Design Criteria (GDC e.g.,
27 and 35). Specific coolability requirements for the loss-of-coolant accidents
are given in 10 CFR Part 50.46 (" Acceptance Criteria for Emergency Core Cooling
Systems for Light Water Nuclear Power Reactors").

In order to meet the above stated objectives and follow the format of Section 4.2,
this review covers the following three categories: (1)FuelSystemDamage

Mechanisms, which are most applicable to normal operation and anticipated
operational occurrences, (2) Fuel Rod Failure Mechanisms, which apply to
nonnal operation, anticipated operational occurrences and postulated
accidents and; (3) Fuel Coolability, which apply to postulated accidents.

Because the purposes of each vendor's high burnup topical report are slightly
different, it is useful to quote Westinghouse's goal in preparing this report,
as stated in Reference 2.

.
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"The purposes of this topical is to justify operation of Westinghouse
designed fuel to [the target] lead fuel rod average burnup..."

In addition Westinghouse stated that "The information supplied in this report
supports the conicusion that Westinghouse design methods and safety analyses
are valid for operation to "the [ proprietary] lead rod average burnup target.
No performance limitations have been identified which would preclude the
design of Westinghouse fuel to this target burnup, and it has been shown that
current design and safety evaluation criteria can be applied with no modification
to these criteria".

The criteria sections in this review address limiting values for fuel damage
that are acceptable under the three major categories of failure mechanisms
listed above and in the SRP. The purpose of this review is to determine if
the Westinghouse criteria are applicable to extended burnup operation of their
fuel. These criteria along with certain definitions for fuel failure constitute

| the SAFDLs required by GDC 10.

The evaluation sections review the methods that Westinghouse uses to deecnstrate
that the design criteria have been met for extended burnup operation and thus
are reviewed with respect to their applicability to the proposed range of extended
burnup operation. Tnese methods and data may include operating experience,
prototype testing and analytical techniques. The determination that specific
Westinghouse designs meet the stated criteria is not addressed in this review
but will be addressed in specific licensing applications.

t3estinghouse uses the ANS classification of plant conditions which divides

plant conditions into four categories in accordance with anticipated frequency
of occurrence and potential radiological consequences to the public. The
four categories are as follows:

| 1. Condition I: Normal Operation and Operational Transients
2. Condition II: Faults of Moderate Frequency
3. Condition III: Infrequent Faults

! 4. Condition IV: Limiting Faults
'

.

.
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This approach is used consistently in Westinghouse analyses and will be used
in this safety evaluation report.

2.0 FUEL SYSTEM DAMAGE

The design criteria in this section should not be exceeded during nomal
operation including anticipated operational occurrences (A00s). The evaluation
portion of each damage mechanism demonstrates that the design criteria are not
exceeded during normal operation and A00s.

(a) Design Stress

Bases / Criteria - The Westinghouse design basis for fuel assembly, fuel rod,
burnable poison rod, and upper end fitting spring stresses is that the fuel
system will be functional and will not be damaged due to excessive stresses.
The design limit for fuel rod cladding stress under Condition I and II modes
of operation is that the volume averaged effective stress calculated with the
von Mises equation, considering interference due to uniform cylindrical pellet-
to-cladding contact (caustd by pellet themal expansion and swelling, unifom
cladding creep, and fuel rod / coolant system pressure differences), is less than
the Zircaloy 0.2 percent offset yield stress with consideration of temperature
and irradiation effects as described in Reference 8. This report has been
approved by the NRC (Reference 9). This criterion is applicable to extended
burnup operation.

Evaluation - The Perfurmance-Analysis-and-Design (PAD) code Version 3.3 -
,

l (Reference 10) is used by Westinghouse to assure that the above criterion is
met. This code has been verified against fuel rod data with rod average burnups
up to approximately 57 mwd /kgM. This code takes into account those parameters
important for detemfning cladding stresses at extended burnups, such as pellet

~

themal expansion and swelling, cladding creep and fuel rod / coolant system
pressure differences. The NRC has approved (Reference 11) the use of this cede
for licensing applications without burnup restrictions. Consequently, this code
is found acceptable for determining cladding stress on fuel rods with extended
burnups up to those requested by Westinghouse in Reference 2.

.

4
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It is noted that cladding stresses and strains due to transients (Condition II
events) at extended burnups are not expected to be limiting because the power
capability is reduced due to fissile material burnout, limiting the power
excursion and thus stresses experienced by these rods.

.

' (b) Cladding Design Strain

Bases / Criteria - The Westinghouse design basis for fuel rod cladding strain is
that the fuel system will not be damaged due to excessive cladding strain. In
order to meet this design basis the Westinghouse design limit for cladding
strain during steady-state operation is that the total plastic tensile creep
and uniform cylindrical fuel pellet expansion due to fuel swelling and thermal
expansion is less than 1 percent from the unirradiated condition. For Condition
II transients, the design limit for cladding strain is that the total tensilei

strain due to unifonn cylindrical pellet thermal expansion during the transient
is less than 1 percent of the pretransient value. These design strain bases and
limits have been presented previously by Westinghouse (Reference 12) approved by
the NRC (Reference 13) for application to current burnup fuel.

The material property that could have a significant impact on the cladding
strain limit at extended burnup levels is cladding ductility. The strain
criterion could be impacted if cladding ductility were decreased, as a result
of extended burnup operation, to a level that would allow cladding failure
eithout the Condition I and II cladding strain criterion being exceeded in the
destinghouse analyses. From examination of irradiated Zircaloy claddirg ductility
data (References 14, 15), it has been concluded that ductility decreases with
increasing fluence at low burnup levels, i.e., less than 12 mwd /kgM, but
asymptotica?lv approaches either a constant value or a small fluence dependence
bt'ond th.Q iow burnups. Consequently, cladding ductility has either little;

or no change for the increased burnup levels projected for Westinghouse extended
burnup operation. In addition, Westinghouse has irradiated experimental and
load test rods with average burnups up to approximately 62 mwd /kgM with no
adverse effects in cladding ductility.

From the above, we can conclude that the strain limit proposed by Westinghouse
is applicable for extended burnup application.

5
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Evaluation - The NRC-approved Westinghouse fuel perfomance code, PAD 3.3

(Reference 10), is used to assure that Westinghouse fuel meets the above
criterion. As noted in the Design Stress section, this code has been verified

against fuel rod data with rod average burnups up to approximately 57 mwd /kgM
and takes into account those parameters important for determining cladding
stresses and strains at ' xtended burnups. Consequently, this code is founde

acceptable for determining cladding strains on fuel rods with extended burnups
up to those requested by Westinghouse (Reference 2).

(c) Strain Fatigue

Bases / Criteria - The Westinghouse design basis for fuel rod cladding fatigue
is that the fuel system will not be damaged due to cladding strain fatigue.
In order to assure that this oesign basis is met Westinghouse imposes a design
limit for strain fatigue such that the fatigue life usage factor is less than
1.0. That is, for a given strain range, the number of strain fatigue cycles are
less than those required for failure when a minimum safety factor of 2 on the
stress amplitude or a minimum safety factor of 20 on the number of cycles,
whichaver is the more conservative, is imposed. This criterion is the same as
that given in Section 4.2 of the Standard Review Plan.

As noted in the Cladding Design Strain section, the material property that
could have a significant effect on cladding strain and thus strain fatigue at
extended burnups is cladding ductility. However, as discussed above, extended
burnup operation has shown little or no observable effects on cladding ductility
and perfomance. From this, it is concluded that extended burnup operation does
not reduce the applicability of the fatigue limits and thus the Westinghouse
criterion is found acceptable for use in extended burnup applications.

Evaluation - The NRC-approved Westinghouse fuel perfomance code, PAD 3.3, is
used to detemine the strain range for the fatigue usage analysis. The Langer
O'Donnell fatigue model (Reference 16) with the empirical factors in this model
modified in order to conservatively bound the Westinghouse test data, is used
with the strains from PAD 3.3 to assure that the above criterion is met. A
description of this methodology and the Westinghouse data base is presented in
WCAP-9500 (Reference 12) which has been approved by the NRC (Reference 13).

.

6
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This methodology takes into account daily load follow operation and the additional
fatigue load cycles that may result from extended burnup operation. In addition,
the PAD 3.3 code accounts for those parameters important for deteming cladding
strains at extended burnups, see Sections 2.0(a) and 2.0(b). Therefore, the above
methodology is found to model operational and material behavior parameters
important for detennining strain fatigue at extended burnups and thus is accept-
able for extended bu nup application.

(d) Fretting Wear

Bases / Criteria - Fretting wear is a concern for fuel and burnable poison rods,
and the Zircaloy guide tubes. Fretting, or wear, may occur on the fuel and/or
burnable rod cladding surfaces in contact with the spacer grids if there is a

'

reduction in grid spacing loads in combination with small amplitude, flow-induced,
vibratory forces. Guide tube wear may result when there is flow induced motion.

between the control rod ends and the inner wall of the guide tube.

dhile the Standard Review Plan (SRP). Section 4.2, (Reference 7) does not provide
numerical bounding-value acceptance criteria for fretting wear, it does stipulate
that the allowable fretting wear should be stated in the safety analysis report
and that the stress / strain and fatigue limits should presume the existence of
this wear.

The Westinghouse design basis for fuel red fretting wear is that fuel rods shall
be designed not to fail due to fretting wear during Condition I and II events.
In order to meet this basis. Westinghouse uses a general guide for wall thickness
reduction which is a percent of the original wall thickness (the specific value
isproprietary)forevaluatingcladdingimperfections,includingwearmarks.
Westinghouse indicates that the cladding stress and fatigue limits, discussed
hereinSections2.0(a)and2.0(c),applytofrettingwear. Westinghouse also
indicates (Reference 2) that fretting wear will not have a significant effect
on cladding stresses and thus need not be considered in stress related analyses.
De have confirmed that fretting wear effects on the stress analysis are in-
significant as long as the fretting wear in Westinghouse designed rods remains

,

below the general guide for cladding imperfections stated in terms of percent
tsall thickness in the extended burnup ccpical report (Reference 2). These design

7
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bases and criteria are found to be acceptable for extended burnup application.
The Westinghouse design bases and criteria for guide thimble tube wear is that
no perforation of the tube wall should occur and that the integrity of the guide
thimble tube be maintained throughout the normal life of a fuel assembly. As
an additional design limit on guide thimble tubes. Westinghouse has detennined.
(Reference 12) from stress analyses that the limiting load on the fuel assembly
structure is that which might occur during a fuel handling accident. A design
criterion of 6 g is used for the analysis of this accident and this has previously
been approved by the NRC (Reference 13). These design bases and criteria are
also found to be acceptable for extended burnup application.

Evaluation - Westinghouse utilizes empirical data taken from operating reactors
and out-of-reactor wear tests to provide assurance that the above criteria are
met for both Zircaloy and Inconel grid designs. Fuel rod fretting is affected
by the increased fluence and in-reactor residence time associated with extended

burnup. The increased fluence results in a slight decrease in grid spring forces
and the increased residence time may result in'a small increase in wear volume.

Fretting type failures have been observed at the bottom (Inconel) grid location
of several rods in.one of the Westinghouse 14x14 0FA assemblies. Westinghouse

has stated (Reference 3) that the cause of these failures was traced to non-
standard installation of the rods in the assembly during fabrication, rather
than to a generic problem in rod or grid design. To support this, Westinghouse
has shown (Reference 3). that the remiining 14x14 and 17x17 0FA assemblies with

assembly average burnups up to 39 mwd /kgM have shown no indication of fretting
wear indicating that Zircaloy grid spring forces continue to preclude fretting.
Out-of-reactor tests on 0FA assemblies have indicated (Reference 2) that fuel
rod fretting wear will not be a limiting concern up to the extended burnup level
requested. From this it is concluded that fuel rod fretting is not expected to
be a problem for OFA fuel designs with Zircaloy grids; however, in order to
confinn this conclusion, it is recomended that additional fuel rod fretting
data be obtained on Zircaloy grid assemblies up to the extended burnup level
requested by Westinghouse.

Westinghouse 15x15 and 17x17 assemblias using the Incondl grid design have been
irradiated for five cycles of operation (assembly average and lead rod average
burnups of approximately 55 mwd /kgM and 60 mwd /kgM respectively) and for four

8
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cycles of operation, respectively, Detailed visual examinations of these
assemblies have indicated no evidence of cladding fretting. Consequently,
Westinghouse fuel designs with Inconel grids are found to be acceptable for
extended burnup operation.

,
~

(e) Oxidation and Crud Buildup
I

1

' lases / Criteria - The Westinghouse design basis for cladding oxidation is that
the fuel system will not be damaged due to excessive cladding oxidation. In
order to preclude a condition of accelerated oxidation, Westinghouse imposes
specific temperature limits on the cladding. The temperature limits applied to
cladding oxidation are that calculated cladding temperatures (at the oxide-to-
metal interface) shall be less than a specific (proprietary) value during steady-

'

state operation, and for Condition II transients the metal-to-oxide interface
shall not exceed a higher (proprietary) value. These criteria have been approved
by NRC (Reference 13) for current burnup levels and are also found to be
applicable to extended burnup operation.

Evaluation - The SRP states that the effects of cladding crud and oxidation need
to be addressed in safety analyses, such as thermal and mechanical analyses.
The major means of controlling cladding crud and oxidation is through primary
coolant chemistry controls; however, this does not eliminate the need to include
their effects in safety analyse, at extended burnups.

t$estinghouse has presented (Reference 3) two sets of oxide thickness data: 1)
those induced by thick crud deposits, along with a bounding curve for the data,
and 2) nominal oxide and crud thickness data along with a bounding curve (labeled
for this discussion as best estimate) for these data. Westinghouse has indicated.
that they have primary water chemistry controls that limit the amount of crud

deposits and only those plants that have operated outside of these chemistry
controls have been observed to have the thick crud deposits and abnonnally high
oxide thicknesses. This is consistent with past industry experience.

Westinghcuse has indicated that a best estimate (proprietary) value of crud is,

input to PAD 3.3 and PAD 3.3, Addenda 2 and the best est'imate bounding curve
(from Figure 1 of Reference 3) for cladding oxide thickness is modeled in the
PAD 3.3 and PAD 3.3 Addenda 2 codes. This is found to be acceptable for thermal

9
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evaluations of e>:t'e'nded burnup fuel because Westinghoure imposes water
chemistry controls on their plants to maintain crud and oxide thicknesses to
nominal values up to the extended burnup range requested.

For mechanical analyses Westinghouse has indicated that they reduce their -

claddingwallthicknessbyaspecified(proprietary)amounttoaccountfor<

' ''

cladding defects and cladding oxidation. This amount is found to more than
,

bound the cladding thickness reduction due to cladding oxidation at the extended
; burnups requested'. Therefore, this methodology is acceptable for extended burnup

appitcation.

'
(f) Rod Bowing

, ,

Bases / Criteria - Fuel and burnable poison rod bowing are phenomena that alter
the design-pitch dimensions between adjacent rods. Bowing affects local nucleari

power peaking and the local heat ransfer to the coolant. Rather than placing
design limits on the amount of bowing that is penniteed, the effects of bowing
are included in the safety analysis. This is consistent with the Standard Review
Plan and the NRC has approved (Reference 17) this for current burnups. It

! remains acceptable for extended burnups. The methods used for predicting the
degree of rod bowing at extended burnups are evaluated below.

Evaluation - The Westinghouse methods for evaluating fuel and burnable poison

| rod bowing in 14x14,15x15 and 17x17 assembly designs has been addressed in
: Reference 18 which has been approved by the NRC (Reference 17) for current

| burnup levels. In response to NRC questions in this review Westinghouse has
j shown (Reference 3) that their conservative upper 95th percentile worst span

closure curve from Reference 18 conservatively bounds their rod bow data with
regional average burnups up to 48 mwd /kgM i.e., peak rod average burnups
approximately 53 mwd /kgM. Inaddition.Westinghousehasindicated(Reference 2)
that Westinghouse fuel assemblies will not be capable of achieving limiting
power peaking factors at extended bnrnups due to the reduced power capabilities
of these assemblies. For example, the extended burnup assemblies are not limited

i

by rod bow imposed penalties above assembly average burnups of approximately
_

33 mwd /kgM because the self-imposed decrease in power .apabilities is greater>

than the penalty. Therefore, the operation of Westinghouse fuel assemblies
! is found acceptable for this burnup range with respect to rod bowing.'

10
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(g)' Axial Growth

Bases / Criteria - The core components requiring axial dimensional analyses
are the neutron soruce rods, burnable poison rods, fuel rods, and fuel assemblies;

(thimble plugging rods are omitted because they are short and not axial growth -
limited). The axial growth of the first two of these components is primarily

,

dependent upon the behavior of poison, sourco, or spacer pellets and their i;

Type 304 stainless-steel cladding. The growth of the last two is mainly
governed by fuel-pellet contact, and creep an'd irradiation growth of the
Zircaloy-4 cladding, and Zircaloy-4 guide thimble tubes. Failure to adequately
design for axial growth of these components can lead to fuel rod-to-nozzle gap

,

; closure, rod bowing and perhaps fuel rod failure. In addition, grcwth of the
guide thimble tubes can result in collapse of the assembly holddown springs. ,

i

) The Westinghouse design bases for core component rods are that (a) dimensional,

i stability and cladding integrity are maintained during Condition I and II events
and (b) these components do not interfere with shutdown during Condition III

! and IV events,

l

Westinghouse does not, per se, have design limits on the axial growth of their
! control, source, and burnable poison rods. However, allowances are made to

f accommodate (a) pellet swelling due to gas production and (b) relative ther-
mal expansion between the stainless-steel cladding and the encapsulated materi-
al. Westinghouse does not account for irradiation growth of the stainless-

,

steel cladding and has cited experiments (Reference 19) as justification for
,

the insignificance of irradiation growth of stainless-steel at PWR operating
conditions. This is also found to be true for extended burnup operation with
the Zircaloy clad fuel rods providing the limiting conditions for irradiation
growth.

.

.

'

For the Zircaloy cladding and fuel assembly components, the axial-dimensional
tolerances that require controlling are (a) the spacing between the top and

! bottom of the fuel rods and the top and bottom fuel assembly nozzles, respec-
tively, and (b) the spacing between the fuel assemblies and the upper and

I lower core plates. As noted earlier, failure to adequately design for the for-
mer may result in fuel rod bowing, and for the latter may result in collapse

11
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of the assembly holddown springs. With regard to a destgn basis v,r both rod-to-
nozzle gap spacings and fuel assembly to core spacings, Westinghouse withdrew the '

proposed design limit in their extended burnup report (Reference 2) and indicated
that they will continue to use the design limit approved in WCAP-9500 (Reference
12) which states that no axial interference shall take place due to closure of -
either the rod-to-nozzle gap spacing or the fuel assembly to core spacing.

Evaluation - From the Westinghouse topical report on extended burnup (Reference
,

; 2) and responses (Reference 3) to NRC questions. Westinghouse has shown that they
; have both rod and assembly growth data near the burnups and fluences requested for

'

extended burnup operation. These data indicate that the rod-to-nozzle gap spacings
on Westinghouse fuel designs are approaching the above criteria at extended burnups
and thus should be monitored in their fuel surveillance program. The models used

! by Westinghouse to predict rod and assembly growth appear to bound the extended
burnup data and thus are found to be accpetable for extended burnup applications.

,

; (h) Rod Internal Pressure

Design Bases / Criteria - The Westinghouse design basis for fuel rod internal pressure-a

is that the fuel system will not be damaged due to excessive fuel rod internal
j pressure. The Westinghouse design limits used to meet this design basis are
! that the internal pressure of the lead rod in the reactor will be limited to a

! value below that which could result in (1) the diametral gap increasing due to
outward cladding creep during steady-state operation and (2) extensive DN8 propa-
gation (References 2 and 20) This design basis and the associated limits have
been found acceptable by the NRC (Reference 21) for current burnup levels, and
they are not found to be affected by extended burnup operation.- Therefore, they
are also found to be acceptable for extended burnup application.

Evaluation - The models and methods used by Westinghouse to evaluate whether
their designs meet the above basis and limits are examined in this section. The
models used by Westinghouse are contained in the PAD 3.3 code (Reference 10) which
hasbeenapprovedbytheNRC(Refernce11)withoutrestrictionsofitsusetohigh
burnup fuel. As noted in Se'ction 2.0(a) this code has been verified against

~

fuel rod data with rod average burnups up to approximately 57 mwd /kgM. The NRC
review of this code paid particular attention to those parameters important to
internal rod pressure predictions, i.e., the themal and fission gas release models.

12
.
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| Therefore, the PAD 3.3 code is approved for use in the evaluation of rod
| internal pressures of extended burnup fuel to the target Westinghouse burnup.
1

! An important parameter of the methodology used in the internal rod pressure
; evaluations is the power history used as input to the PAD code. Power history *
! is very important because fission gas release and thus internal rod pressures

,

i are strongly dependent on the fuel thermal history. In response to an NRC '

question on the power histories used, Westinghouse has indicated (References 5

| and 6) that the power histories input to the PAD 3.3 code for calculating internal
| rod pressures are based on best estimate peak power histories from their fuel ;

j management calculations. The peak rod power histories are chosen by Westinghouse
i from their fuel management calcuiations based on those rods which have experienced
u

the highest rod powers during each reactor cycle of operation, e.g., cycle 1, 2,
; 3 etc., along with the power history of the peak burnup rod of the fuel batch

; for a total of (number of cycles +1) power histories. For example, a batch of
J fuel that will experience four cycles of operation will have at the maximum five
q piak power histories (sometimes a rod with a peak power during a specific reactor
j cycle corresponds to the peak burnup rod which would give four peak power histories
} for this case). Each of these five peak power histories are then input separately '

j into PAD 3.3 to calculate five different end-of-life internal rod pressures with
j the highest pressure being subject to the above criteria.
i .

In response to a subsequent NRC question concerning the conservatism in the rod

power history methodology used by Westinghouse, Westinghouse presented analytical
calculations (Reference 6) to demonstrate that the models used by Westinghouse

'

are conservatively biased to bound any power uncertainties and Condition II power
excursions that their fuel may experience as a result of extended burnup operation.
As a check on the conservatism in the Westinghouse methodology, we have performed'

audit calculations using the GT2R2 code (Reference 22) along with bounding power
histories of Westinghouse fuel to show that the Westinghouse methodology predicts
bounding end-of-life rod pressures up to the extended burnups requested by Westing-,

h:use (Reference 2). From the above evaluation, it is concluded that Westinghousei

models and methodology for detennining end-of-life rod pressures are adequately ',

conservative and thus acceptable up to the extended burnups requested by Westing-
'

house (Reference 2).

13
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(i) Assembly Liftoff

Design / Bases - The SRP calls for the fuel assembly holddown capability (wet
weight and spring forces) to exceed worst-case hydraulic loads for nonnal
operation, which includes anticipated operational occurrences. Westinghouse -

has stated (References 2 and 12) that they meet this criterion for all Condition
I and II events with the exception of the turbine overspeed transient associated
with a loss of external load. The NRC has accepted (Reference 13) this condition
in the past for current burnup levels as long as the affected fuel assemblies
can be shown to reseat properly in the core plate without damage or other adverse
effects during the event. This also remains acceptable for extended burnup
assemblies as long as the same criteria are met as for current burnup fuel.

Evaluation - The fuel assembly liftoff forces are a function of primary coolant
flow, spring forces and assembly dimensional changes. Westinghouse has indicated
(Reference 2) that extended burnups will result in 1) additional irradiation
relaxation of the holddown springs and 2) assembly length increases. These two '

phenomena have opposing effects on assembly holddown forces; however, Westinghouse
predicts that there is a net increase in force with increased irradiation because
fuel assembly growth is the domina.nt effect which more than compensates for the
decrease in spring force. This is consistent with industry experience and thus
assembly liftoff is not judged to be a problem at extended burnups.

(j) Control Material Leaching

Control rods are not within the scope of. this review since they are treated
separately and may be removed or installed in a core independent of fuel
assembly burnup.

3.0 FUEL R0D FAILURE

In the following paragraphs, fuel rod failure thresholds and analysis methods
for the failure shechanisms listed in the Standard Review Plan are reviewed.
When the failure thresholds are applied to normal operation including antici-
pated operational occurrences, they are used a:: limits (andhenceSAFDLs)
since fuel failure under those conditions should not occur according to the
traditional conservative interpretation of General Design Criterion 10.

14
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When these thresholds are used for postulated accidents, fuel failures are '

permitted, but they must be accounted for in the dose calculations required by
10 CFR 100. The basis or reason for establishing these failure thresholds is
thus established by GDC 10 and Part 100 and only the threshold values and the
analysis methods used to assure that they are met and reviewed below. ~

(a) Hydriding
4

j Bases / Criteria - Internal hydriding as a cladding failure mechanism is precluded
by controlling the level of hydrogen impurities in the fuel during fabrication.
The moisture level in the uranium dioxide fuel is limited by Westinghouse
(Reference 12) to less than or equal to 20 ppm, and this specification is

! compatible with the ASTM specification (Reference 23) which allows two micrograms
of hydrogen per gram of uranium (i.e., 2 ppm). This is the same as the limit1

discribed in the Standard Review Plan and has been found acceptable by NRC
(Reference 12) and continues to be acceptable for extended burnup application.

<

In addition, for extended burnup fuel, Westinghouse has introduced (Reference 2)
a design limit on the hydrogen pickup level the value of which is proprietary.
W2stinghouse has indicated that their test results show that the mechanical

.

properties of Zircaloy-4 are not adversely affected at this level of hydrogen. -
,

Wa agree with this assessment as long as hydride platelet orientation remains
in the circumferential direction. Westinghouse has also stated that process
controls and texture acceptance tests assure that Westinghouse cladding maintains
the proper hydride platelet orientation. This design limit on hydrogen pickup

; level is found acceptable for extended burnup applications.

Evaluation - The hydrogen uptake of Zircaloy-4 during normal reactor operation
to the extended burnup levels requested by Westinghouse is_ typically much lower
than the Westinghouse criterion. The exception to this is when an abnormal amount
of cladding oxidation is encountered that results in cladding failure. Cladding
oxidationisaddressedinSection2.0(e). In this review Westinghouse has pro-

! vided data (References 2 and 3) on hydrogen uptake from commercial rea'ctor
,

operation to burnups that bound the extended burnup level requested by Westing-
'

house. These data have shown that extended burnup operation up to the level

.
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requested by Westinghouse remains significantly below their criterion for ;

hydrogen uptake. From this it is concluded that hydriding is not a likely j
failure mechanism for Westinghouse fuel at extended burnups. l

(b) Cladding Collapse -

Bases / Criteria - If axial gaps in the fuel pellet column were to occur due to
densification, the cladding would have the potential of collapsing into a gap
(i.e., flattening). Because of the large local strains that would result from
collapse, the cladding is assumed to fail. It is a Westinghouse design basis
that fuel rod failures due to flattening will not occur. In order to meet this
design basis Westinghouse imposes a design limit for fuel rod clad flattening
such that "the core residence time will not exceed the calculated core residence
time which corresponds to a flattened rod frequency of 1.0". This design basis
and its associated criterion are essentially the same as those specified in the
SRP and are found acceptable for extended burnup application.

Evaluation - The longer in-reactor residence times associated with extended-

burnap fuel will increase the amount of creep of an unsupported fuel cladding.
Extensive postirradiation examinations of both test and connercial fuel designs
of current vintage by Westinghouse have not shown any evidence of' cladding
collapse or large local ovalities at rod average burnups up to approximately 62
mwd /kgM. This is primarily the result of the use of prepressurized rods and
stable fuel in current generation designs.

'

Westinghouse utilizes a cladding collapse model (Reference 24) to show that the
longer inreactor residence time associated with extended burnup fuel will not
result in the collapse of an unsupported cladding with their fuel design. This
method is very conservative in relation to the stable fuel employed in current
designs, because it assumes a gap has formed in the fuel column and the tube

is unsupported. This method has been approved by the NRC (Reference 25) and
because it explicitly accounts for the longer in-reactor residence times of ex-
tended burnup fuel, it is also found acceptable for extended burnup applications. |

~

(c) Overheating of Cladding

Bases / Criteria - The Westinghouse design limit for the~ prevention of fuel

failures due to overheating is that there will be at least 95% probability at
16
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a 95% confidence level that departure from nucleate boiling (DNB) will not
occur on a fuel rod having the minimum DNBR during nomal operation and

anticipated operational occurrences (Condition I and II events). This design
limit is consistent with the thermal margin criterion of SRP Section 4.2 and
thus has been found acceptable by the NRC (Reference 13) for use at current -

burnup levels. It is also judged to remain acceptable for extended burnup
applications.

Evaluation - As stated in SRP Section 4.2, adequate cooling is assumed to exist
,

! when the thermal margin criterion to limit the departure from nucleate boiling
(DNB) in the core is satisfied.

(d) Overheating of Fuel Pellets

Bases / Criteria - As a second method of avoiding cladding failure due to over-,

heating, Westinghouse has as a design basis that the fuel rod will not fail due
to fuel centerline melting during Condition I and II operation. In order to

,

assure that this basis is met Westinghouse imposes a design limit on fuel
temperatures such that there is a 95% probability that the peak linear heating
rate (kW/ft) fuel rod will not exceed the UO2 melting temperature (Reference 2).

| The melting temperature of the U02 is assumed to be 5080*F unfrradiated and is

decreased by 58"F per 10 mwd /kgM of exposure. A calculated centerline temper-
; ature of 4700*F has been selected by Westinghouse as the overpower limit. The

fuel melting temperature dependence with fuel burnup is identical to that
proposed by Christiansen (Reference 26). Christiansen presented two sets of
fuel melting data versus fuel burnup with.the above relationship presented by
Westinghouse being the largest decrease with burnup and believed to be the
better of the two. From this it is concluded that the Westinghouse criterion
for fuel melting adequately acounts for the effects of extended burnup on fuel
melting and thus is acceptable for extended burnup applications..

(e) Pellet / Cladding Interaction

Bases / Criteria - As indicated in SRP Section 4.2, there are no generally
applicable criteria for pellet / cladding interaction (PCI) failure. However,.
two acceptance criteria of limited application are presented in the SRP for
PCI: (1) less than 1% transient-induced cladding strain and (2) no centerline

'
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fuel melting. Both of these limits have been adopted by Westinghouse for use
in evaluating their fuel designs (References 2 and 12) and have been approved by
the NRC (Reference 13) for current burnup applications. These are also found
acceptable for extended burnup application.

!
-

Evaluation - Westinghouse uses the PAD 3.3 code (Reference 10) to show their

: fuel meets both the cladding strain and fuel melt criteria as discussed in
.

Sections 2.0(b)and3.0(d),respectively. As noted earlier, this code has
been found acceptable for application to extended burnup fuel.

! In addition, Westinghouse tas presented (Reference 3) various power ramp data
with rod average'burnups up to approximately 46 mwd /kgM to show that PCI

j susceptibility does not increase at extended burnups. In fact, the trend of

i these data suggests that PCI susceptibility may decrease at extended burnups.

|
'

From the above, it is concluded that Westinghouse methods adequately address
the effects of PCI at extended burnups.

!

(f) Cladding Rupture

Bases / Criteria - There are no specific design limits associated with cladding i

rupture other than the 10 CFR50 Appendix K requirement that the incident of
rupture not be underestimated. The rupture model is an integral portion of
the approved Westinghouse ECCS evaluation model (Reference 27). This is found
acceptable for extended burnups.

Evaluation - The cladding deformation and rupture models used by Westinghouse
in their LOCA-ECCS analysis are directly coupled to their models for cladding
ballooning and flow blockage. A more detailed discussion of these models and
their relation to extended burnup operation is provided in the section that
addresses cladding ballooning and flow blockage, see Section 4.0(c). These

.models have been approved by the NRC (Reference 27) for current burnup levels
and for the reasons stated in Section 4.0(c).are also found acceptable for

| extended burnup application.

!

Other parameters that are important to the LOCA analysis are those input to this
analysis from the steady-state fuel performance code, PAD. There are two versions

18
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of PAD, 3.3 (Reference 10) and PAD 3.3 Addenda 2 (Reference 28), used by
Wtstinghouse to evaluate steady-state fuel perfonnance of their designs. The,

PAD 3.3 version has been verified against fuel perfomance data with rod average
burnups up to 57 mwd /kgM and, as noted earlier, has been approved for extended
burnup analysis applications (including LOCA). The PAD 3.3 Addenda 2 version -

is a modification of PAD 3.3, in which conservatisms in the tt.ermal model have
'

been reduced. The PAD 3.3 Addenda 2 code has been verified against only themal
performance data at low burnups. Consequently, tr.is code has been used for
predicting early-in-life fuel themal performance such as input for the LOCA
analysis. Westinghouse has justified (Reference 28) the use of the (low burnup),

PA0 3.3 Addenda 2 code for initializing steady-state thermal conditions input,

i to their LOCA analysis of fuel designs at current burnup-levels by showing that:

"the maximum peak clad temperature during a LOCA occurred using fuel
parameters and initial conditions consistent with the time in life which -

exhibits the highest pellet average temperatures, near the beginning of life"
,

l (Reference 28). -

Therefore, the use of the PAD 3.3 Addenda 2 code for initializing LOCA input
;

j has been approved by the NRC (Reference 29) for current burnup levels. In
) response to an NRC question during this review, Westinghouse has responded
} (Raference 4) that their original statement (given above) from the PAD 3.3
! Addenda 2 review remains valid for all Westinghouse plant configurations and ;
4

approved ECCS Evaluation Models for extended burnups up to those requested in

this review. Westinghouse has stated that this has been verified by performing
a series of calculations with PAD 3.3 on those parameters sensitive to extended '

burnup. These calculations have taken into account the reduced fuel rod powers
at extended burnups due to fissile material burnout. This effect is a real
phenomenon at extended burnups, because if extended burnup fuel rods were driven

to the rod powers allowed by the Technical Specifications, other lower burnup
fual in the core would exceed the Technical Specifications on power distribution
peaking factors. The PAD 3.3 code continues to be used for fuel design cal-
culations that are burnup dependent.

,
'

er

. 8
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(h) Fuel Rod Mechanical Fracturing

Bases / Criteria - The term " mechanical fracture" refers to a cladding defect that
is caused by an externally applied force such as a load derived from core-plate
motion or a hydraulic load. These loads are bounded by the loads of a safe-shutdown
earthquake (SSE) and LOCA, and the mechanical fracturing analysis is usually done
as a part of the SSE-LOCA loads analysis (see Section 5.0(d) of this SER).

Evaluation - The discussion of the SSE-LOCA loading analysis is given in

Section5.0(d)ofthisSER.

4.0 FUEL COOLABILITY
.

For accidents in which severe fuel damage might occur, core coolability must be
maintained as required by several General Design Criteria (e.g., GDC 27 and 35).
In the following paragraphs, limits and methods to assure that coolability is

,

maintained are reviewed for the severe famage mechanisms listed in the Standard
Review Plan.

(a) Fragmentation of Embrittled Cladding

Bases / Criteria - The most severe occurrence of cladding oxidation and possible
fragmentation during a Condition III and IV accident results from a LOCA.
Westinghouse uses the acceptance criteria of 2200*F on peak cladding temperature
and 17% on maximum cladding oxidation as prescribed by 10CFR 50.46.

For. events other than the LOCA, there are no separately established temperature
or oxidation criteria. However, it is clear that for short-term events such as

a locked rotor accident, the 2200*F peak cladding temperature and 17 percent
oxidation LOCA criteria are not really meaningful, because the temperature history
for such an event is much shorter than that of a LOCA. For events such as a
locked rotor accident, Westinghouse uses (Reference 12) a peak cladding tem-
perature (PCT) criterion of 2700*F.

.

f
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The Westinghouse 2700*F PCT limit was selected taking into consideration the

short time (a few seconds) that the fuel is calculated to be in CNB for a locked-
rotor type event and the fact that the peak cladding temperature and total
metal-water reaction at the fuel hot spot is not expected to impact fuel
coolable geometry. The NRC has concluded (Reference 13) that the 2700*F peak --
cladding temperature limit for short-tenn undercooling events such as the locked
rotor is an acceptable coolability limit for Westinghouse fuel designs at current
burnup levels. This coolability limit is not judged to be changed by extended
burnup operation and thus is found to be accep'1ble for extended burnup application.!

Evaluation - The cladding oxidation models used to detennine the amount of cladding
fragmentation and embrittlement during the LOCA are not affected by extended burnup
operation; however, the steady-state fuel performance PAD codes, used to provide
input to the LOCA analysis, are burnup dependent. As noted earlier, Westinghouse
has stated that early-in-life steady-state conditions are the most conservative
for all their fuel designs. Consequently, Westinghouse has demonstrated that
their LOCA analyses are insensitive to extended burnup operation because early-
in-life conditions are most limiting. Therefore, the use of PAD 3.4 is found
to be acceptable for LOCA analyses of Westinghouse extended burnup fuel.

(b) Violent Expulsion of Fuel

Bases / Criteria - In a severe reactivity initiated accident (RIA) such as a
control rod ejection accident, the large and rapid deposition of energy in the
fuel could result in melting, fragmentation, and dispersal of fuel. The
mechanical action associated with fuel dispersal might be sufficient to destroy
fuel cladding and the rod-bundle geometry and to provide significant pressure
pulses in the primary system. To limit the effects of an RIA event, Regulatory '

Guide 1.77 recommends that the radially-averaged energy deposition at the hottest
axial location be restricted to less than 280 cal /g.

,

The Westinghouse design limits for this event are:

(a) Average fuel pellet enthalpy at the hot spot will be below 225 cal /g for
unirradiated fuel and 200 cal /gm for irradiated fuel.

.

*

21

__



- . _ - . - . . -- . . . - _ _ -

; .,

.

! (b) Average cladding temperature at the hot spot will be below the temperature
at which cladding embrittlement may be expected (2700*F).

,

(c) Peak reactor coolant pressure will be less than that which could cause
pressures to exceed the faulted condition stress limits. -i

!

| (d) Fuel melting will be limited to less than 10 percent of the fuel volume at
; the hot spot even if the average fuel pellet enthalpy is below the limits in

(a),above.
;

These limits are more conservative than the single 280 cal /g limit given in;

. Regulatory Guide 1.77. They have been previously approved in the review of

WCAP-7588 (Reference 31) and based on the above evaluation are found to be
conservative and thus acceptable for extended burnup applications.

!

Evaluation - As discussed in Section 5 of this safety evaluation report,
the methods used to calculate energy deposition as a result of reactivity ~

insertionaccidents(reactorphysicscodes)arealsoapplicabletoextended
burnups. The extended burnup fuel is not expected to approach the 280 cal /gm
criterion because fissile material burnout at extended burnups lowers the
maximum possible fuel enthalpfes when compared to maximum fuel enthalpies
at lower burnups. r

i

(c) Clading Ballooning i

Bases / Criteria - Zircaloy cladding will balloon (swell) under certain combinatio's
of temperature, heating rate, and stress during a LOCA. There are no specific
design limits associated with cladding ballooning other than the 10 CFR 50
Appendix K requirement that the degree of swelling not be underestimated.

Evaluation - The Westinghouse cladding ballooning model is directly coupled to
the cladding rupture temperature model for the LOCA-ECCS analysis and these are

addressed in Revision 1 of WCAP-9220-P-A and WCAP-9221-A (Reference 27). These
~

models have been approved by the NRC (Reference 27) for current burnup levels.
The Westinghouse extended burnup topical report (Reference 2) references 'this

approved report as being applicable to the LOCA analysis of extended burnup fuel.
|

*
,

.
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There is evidence that cladding oxidation at extended burnup levels and LOCA
temperatures may result in reduced cladding strains (Reference 32) from these
traditionally predicted for LOCA. These data are not conclusive, however, because
these tests were not performed with an oxidizing atmosphere nor under irradiation
conditions. Irrespective of whether these data are applicable to a LOCA, reduced
cladding strains would result in less flow blockage and thus the current analysis
methods would be more conservative with respect to this criterion. In addition,
the high cladding temperatures associated with the LOCA analysis will anneal any
irradiation damage effects on cladding properties,

The steady-state operational input that is provided to the LOCA analysis from fi

the PAD fuel performance codes is most limiting at early-in-life and thus are
insensitive to extended burnup operation. Consequently, the ECCS models
approved for application to current burnup fuel are also found to be acceptable
for application to fuel at extended burnup levels.

From this evaluation, it is concluded that the Westinghouse methodology for
calculating cladding ballooning during a LOCA is acceptable for extended burnup
applications.

! (d) Fuel Assembly Structural Damage From External Forces

| Bases / Criteria - Earthquakes and postulated pipe breaks in the reactor coolant
system would result in external forces on the fuel assembly. SRP Section 4.2
and associated Appendix A state that fuel system coolability should be maintained
and that damage should not be so severe as to prevent control rod insertion when
required during these low probability accidents.

The Westinghouse design basis is that the fuel assembly will maintain a geometry !

that is capable of being cooled under the worst case accident Condition IV event I

and that no interference between control rods and thimble tubes will occur during !

a safe shutdown earthquake (Reference 12). This is nearly identical to the
|)

design basis presented in the SRP and is therefore acceptable for extended burnup '

operation.
,

i

l
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Evaluation - Generic analysis methods for perfonning combined SSE-LOCA loading
analyses have been described by Westinghouse in WCAP-9401-P-A (and WCAP-9402-

A)(Reference 33). These analysis methods not only include the fuel assembly
structural response but also fuel rod cladding loads. These methods have been

; approved by the NRC (Reference 33) for current burnup levels.
~

!

'

The material property that could have an impact on these analyses at extended
burnup levels is material ductility. These analyses could be impacted if

; cladding or assembly ductility were decreased, as a result of extended burnup
operation, to a level that would allow cladding or assembly failure not
accounted for in the analysis. As noted in Section 2.0(a), the decrease in
material ductility is expected to be negligible for the increased exposure and
burnup levels requested and no adverse effects have been observed for rod
average burnups up to 62 mwd /kgM.

.

From the above evaluation, it is cor.cluded that the above analysis methods
,

,

' are acceptable for extended applications.

It should be noted that this analysis is plant specific, because it requires;

j site specific input ground motions and thus cannot be completed in a generic
| manner. Therefore, an applicant for an operating license proposing to

reference the extended burnup report (Reference 2) and the SSE-LOCA analysis

| methods must perform site specific analyses using References 33 and 34 analysis
methods in order to address the above criteria and Appendix A to SRP Section '

4.2 guidelines.
,

|
*

5.0 NUCLEAR DESIGN

Typical extended fuel burnup and increased fuel cycle length core designs
utilize higher fuel enrichments, Icw leakage patterns and/or axial blankets.
Higher fuel enrichment is required to reduce the number of feed assemblies and j

offset the reactivity loss resulting from the higher fission product inventory. |
The core neutron economy is improved by reducing the radial leakage using low
leakage loading patterns in which the high burnup fuel is located on the core
periphery. Axial blankets are used to flattern the axial burnup distribution
and improve fuel utilization. The increased power peaking resulting from the
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large reactivity differences between the fresh and high burnup fuel and the use
I

of low leakage loading patterns is generally controlled using burnable poison rods.!

|

These features affect the physics characteristics of high burnup core designs.
The increased fuel depletion in high burnup cores results in an increase in the'

{ plutonium fission fraction and the fission product inventory, the higher plutonium
fission fraction in turn hardens the neutron spectrum and increases the neutron
production per unit energy. The increase fission product inventory and use of
burnable absorbers tends to increase absorption and also harden the neutron
spectrum.

1

| While the increased fuel burnup does affect the core physics characteristics,
l the changes are relatively small and the physics parameters are detennined using

standard calculational methods and procedures. The high burnup neutronic effects
l enter through the microscopic cross sections and fuel assembly lattice group

constants. The present calculations of these parameters . account for substantial
levels of plutonium, fission products and burnable absorbers, and these methods
are expected to adequately treat the neutronics change associated with extended

! burnup. The depletion methods used to track the plutonium and fission product
isotopics and various nonnalization procedures are also expected to be equally
valid for high burnup fuel configurations.

; The high burnup fuel physics charar, ,ristics and core configuration affect the
core nuclear safety parameters. The major effect is to increase the power in
the low burnup and/or centrally located fuel assemblies and to decrease the'

i power in the high burnup and/or peripherally located fuel assemblies. The
resulting increase in the number and power of the peak powered rods is ;

typically controlled by use of burnable poison rods.

The increased fission product inventory <nd use of burnable absorbers increases

thermal and epithermal absorption and hardens the core neutron spectrum. These
factors combine to reduce the boron and control rod worth, prompt neutron life-
time and Doppler coefficient. The moderator temperature coefficient may increase
or decrease depending on the particular high burnup design, and is also controlled
using burnable absorbers as in present core designs. The delayed neutron fractica
is also reduced as a result of the increased plutonium fission ' fraction.

,
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! In addition to improving the neutron economy, the low leakage patterns
reduce the pressure vessel damage fluence by shifting the power toward the
center of the core and away from the vessel. This fluence reduction is
partially offset, however, by the harder neutron spectrum and increased neutron
production (per MeV) of the high burnup fuel.

The calculation of the high burnup core safety parameters is carried out using
the same core and lattice methods and procedures used for present core designs.
The changes in the core safety parameters resulting from the higher fuel burnup
designs tend to be relatively small.as a result of the low relative importance
of the high burnup fuel and the tendency for the increase in plutonium fission
rates and fission product inventory to saturate. These calculated safety
parameters provide the core neutronics input to the required plant transient and
accident analysis,

j As the above discussion indicates, the effect of high burnup on the physics
design is expected to result in relatively small changes in the predicted
characteristics of the core, and also relatively small extensions in range of
the methods used to calculate the characteristics. Because high burnup fuel
is not subject to limiting duty and because of its low relative importance in
detennining the core characteristics, we conclude that present methods are
adequate for high burnup designs. To provide added assurance that these
methods are adequate, we recommend that Westinghouse pay special attention to
comparisons of predicted and measured physics parameters (particularly power
distributions) which are monitored during the reactor cycle. A systematic

' pattern of deviation between predictions and measurements would provide an
indication of potential problems. We intend to take an active role in following
these comparisons.

6.0 RADIOLOGICAL CONSIDERATIONS OF POSTULATED ACCIDENTS WITH EXTENDED

BURNUP OPERATION

| To ensure that accidents involving the movement of fuel do not constitute an
offsite health and safety issue, design events are assessed. Analyses of fuel
handling accidents assume release of the entire volatile radionuclide fuel
assembly gap and plenum inventory under nominally 23 feet of water after the
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assembly has cooled substantially (usually at least 24 hours for BWR assemblies,
| 72 or 100 hours for PWR assemblies). For assemblies with burnup up to 38,000

mwd /t batch average at discharge, Regulatory Guide 1.25 assumptions are used.
,

| These stipulate an inventory of ten percent of the total fuel assembly iodines
85j and noble gases (with the exception of 30 percent for Kr) in the gap and -

plenum volumes released upon clad perforation. An iodine decontamination factor
(DF) of 100 (" Evaluation of Fission Product Release and Transport for a Fuel
Handling Accident," G. Burley, USAEC, Revised October 5,1971) is assumed for

23 feet of water cover, and appropriate airborne radionuclide filtration /n;ixing,
if any, is applied in the analysis before release to the atmosphere. The
decontamination factor is based, in part, on an analysis of work presented in
WCAP-7518-L, " Radiological Consequences of a Fuel Handling Accident," M. J. Bell,
et al, June 1970, NES Proprietary Class 2.

For fuel handling accident offsite radiological consequence evaluations involving
fuel assemblies with burnup > 38,000 mwd /t batch average at discharge (extended
burnup assemblies), the analysis is presently performed using Regulatory Guide
1.25 assumptions, but with modified gap and plenum fractional volatile
radionuclide inventories. The fractional inventories range from a few percent
(less than the R. G.1.25 ten percent recomendation) to as much as 40-50 percent
for certain high burnups/radionuclide combinations. The gap and plenum fractional
inventories for the highest-power assembly are computed as a function of at
least burnup, and at most time, temperature, and burnup using the GAPCON-THERMAL-2

computer code in conjunction with the ANS 5.4 fission gas release standard
(model) proposed by the American Nuclear Society in " Radioactive Gas Release

from LWR Fuel," C. E. Beyer, draft NUREG CR-2715, April 1982. In generating
these estimated fractional inventories, the conservative assumption of fuel
assembly operation at a constant maximum-allowed peak linear heat generation
rate (LHGR) for PWR's or MAPLHGR for BWR's is made. This assumption appears
to be conservative within a factor of 2-3 for gap and plenum volatile inventories.

fn addition to the conservative assumption regarding fuel assembly power
operation noted above, there are two other significant sources of conservatism
in the staff's analysis. The iodine decontamination factor (DF) assigned to
the pool is taken to be a factor of 100. It t.an be inferred from the report
upon which this factor is based (WCAP-7518-L) that this value is probably
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conservative by about a factor of three. Finally, plateout of volatile iodine
released from the fuel into the gap and fuel rod plenum has been entirely
neglected. Although not well quantified, a tentative estimate suggests that
about 10 percent or less of the iodine released into the gap will remain
volatile at the fairly low temperatures after the fuel has been allowed to cool- '

for about a day or more.

Because of the significance of these conservatisms, the staff intends to
study and quantify them in more detail and to use the results of such
evaluations to appropriately revise the staff's Standard Review Plan (SRP),
NUREG-0800. In the interim, the staff concludes that consideration of all
three factors together noted above may permit a significant reduction of
estimated thyroid doses compared to existing analyses. Adequate justification
by licensees on a case-by-case basis, or by vendors on a generic basis, are
likely to provide sufficient bases for departing from SRP criteria until such
time as detailed changes can be made. A reduction by a factor of two is likely
to be appropriate and conservative. Consequently, with regard to evaluation of
thyroid doses for fuel-handling accidents involving extended-burnup fuel
(>38,000 mwd / tonne), and pending SRP revision, it is likely that justification
can be provided for lower estimates of thyroid doses from fuel handling
accidents by a factor of two in departures from SRP review criteria.

.

7.0 REGULATORY POSITION

The review of Westinghouse. Electric Company's submittal, as described in
WCAP-10125 (Proprietary) and responses to NRC questions in Reference 3 through
6. for application of their design criteria and analysis methods to extended
burnups has been completed. As a result of our review, we conclude that these
criteria and analysis methods are applicable to licensing of Westinghouse
Zircaloy-clad fuel designs up to the extended burnup level requested in
WCAP-10125.

' From this evaluation, we have concluded that Westinghouse criteria and analysis
methods, as described in the extended burnup topical report and response to
questions, Reference 2 through 6 for extended burnup ap' plication are adequate
such that 1) fuel damage is not expected to occur as a result of normal oper-
tion and anticipated operational occurrences (Condition I and II events), 2)

28;
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fuel damage during postulated accidents (Condition III and IV events) would not
be severe enough to prevent control rod insertion when it is required, and 3)
core coolability will always be maintained even after postulated accidents
(Condition III and IV events).

.

~

This conclusion is based on two primary factors:

1) Westinghouse provided sufficient evidence that the design citeria will
allow for safe operation of Westinghouse design fuel at the proposed
extended burnup level; and

2) The Westinghouse analysis methods used to assure that these criteria

i are met have been based on adequate extended burnup operating experience
and prototype testing.

.

l
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SECTION C

WESTINGHOUSE LETTER FROM.E. P. RAHE,

" EXTENDED BURNUP EVALUATION OF WESTINGHOUSE FUEL,"

JULY 1982;

WCAP-10125(PROPRIETARY),NS-EPR-2629,

DATED, JULY 28, 1982,
TO NRC, J. R. MILLER

4222L S-081218
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Westinghouse Water Reactor meerMr*opomm

;

ElectricCorporation Divisions u |
PtnsourgiPennsylvama %230

July 28, 1982
-

NS-EPR-2629

~ Mr. James R. Miller, Chief
Special Projects Branch
Division of Project Management
U.S. Nuclear Regulatory Commission
Phillips Building

i 7920 Norfolk Avenue
Bethesda, Maryland 20014

Subject: " Extended Burnup Evaluation of Westinghouse Fuel", July 1982,
WCAP-10125 (Proprietary)1

Reference: Letter from L. S. Rubenstein (NRC) to T. M. Anderson (W),
dated June 2, 1981 _

Dear fir. Miller:

3 Enclosed are:
,

'

1. Twenty-five (25) copies of Westinghouse topical report, " Extended Bumup
Evaluation of Westinghouse Fuel", July 1982. WCAP-10125 (Proprietary).

Also enclosed are:
'

1. One (1) copy of Application for Withholding (Non-Proprietary).

2. One (1) copy of original Affidavit (Non-Proprietary).

| The enclosed topical report is in response to an NRC request (reference) for
: a topical report which justifies the validity of Westinghouse methods and
'

criteria to evaluate Westinghouse fuel at extended burnups. This report
generally follows your suggested outline attached to the reference letter.
In addition, the acceptance criteria given in Section 4.2, " Fuel System
Design" of NUREG-0800, " Standard Review Plan for the Review of Safety
Analysis Reports for Nuclear Poger Plants" have been addressed.

Note that at this time only the preprietary version of this topical report,
appropriately bracketed to identify proprietary information, has been

* provided. This is consistent with the guidelines given in NUREG-0390, Vol. 6
No. 1, " Topical Report Review Status". Westinghouse will submit a corresponding
non-proprietary version upon receipt of an NRC acceptance letter and SER, and/or
when the licensing topical report is referenced in a specific license applica-
tion in accordance with NUREG-0390.-

-
,

.

.
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Mr. J. R. Miller
Page Two

This submittal contains proprietary infomation of Westinghouse Electric
Corporation. In confomance with the requirements of 10CFR2.790, as amended,
af the Comission's regulations, we are enclosing with this submittal an
application for withholding from public disclosure and an affidavit. The
affidavit sets forth the basis on which the infomation may be withheld ~

from public disclesure by the, Commission.

Correspondence with respect to the affidavit or application for withholding
should reference AW-82-44 and should be addressed to R. A. Wiesemann,
Manager of Regulatory and Legislative Affairs, Westinghouse Electric
Corporation, P.O. Box 355, Pittsburgh, Pennsylvania 15230.

Very truly yours,

*

E.'P. Rahe, . Manager
Nuclear Safety Department

MDB/kk
Enclosures

i
|

|
.

|

|

|
|
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July 28, 1982
AW-82-44Mr. James R. Miller, Chief

Special Projects Branch
l Division of Project Management.

U. S. Nuclear Regulatory Consnission
Phillips Building
7920 Norfolk Avenue
Bethesda, Maryland 20014i

APPLICATION FOR WITHHOLDING PROPRIETARY

~INFORMATION FROM PUBLIC DISCLOSURE

SUBJECT: " Extended Burnup Evaluation of Westinghouse Fuel," WCAP-10125
July 1982 (Proprietary)

.

REF: Westinghouse Letter No. NS-EPR-2629 Rahe to Miller, dated
July 28,1982

Dear Mr. Miller:

The proprietary material transmitted by the rt.ference letter is of the same
techr.ical type as material previously submitted concerning the Westinghouse
reload safety evaluation methodology (Reference: NS-CE-17314 dated March 22,
1978). Further, the affidavit submitted to justify the material previously
submitted, AW-78-27, is equally applicable to this material.

Approval of the application for withholding and affidavit AW-78-27 was
received by MRC letter, Check to Wiesemann, dated October 23, 1978.

Accordingly, withholding the subject infonnation from public disclosure is
requested in accordance with the previously approved affidavit, AW-78-27,
dated March 22, 1978, a copy of which is attached.

Correspondence with respect to this application for withholding or the
accompanying affidavit should reference AW-82-44 and should be addressed
to the undersigned.

Very truly yours,

h. __

. sw w C-w
~

/bek f t A. Wiesemann, Manager_

Attachment Regulatery & Legislative Affairs -

cc: E. C. Sher.aker, Esq.
Office of the Executive Legal Director, NRC

.
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March 22, 1978

AW-78-27-

,

Mr. John F. Stolz, Chief
Light Water Reactors Branch No.1

|
Division of Project Management !
Office of Nuclear Reactor Regulation "

U. S. Nuclear Regulatory Comission
Washington, D.C. 20555

APPLICATION FOR WITHHOLDING PROPRIETARY

INFORMATION FROM PLBLIC DISCLOSURE

Dear Mr. Stoltz:

SUBJECTi WCAP-9272, " Westinghouse Reload' Safety Evaluation
Methodology"

REF: Westinghouse Letter No. NS-CE.1731. Eiche1dinger
to Stolz, dated March 22, 1978

The proprietary material being transmitted by the referenced letter
supplements the proprietary material previously submitted concerning
the Westinghouse reload safety evaluation methodology. Further, the
affidavit submitted to justify the material previously submitted.
AW-76-31, is equally applicable to this material.

Accordingly, withholding the subject information from public disclosure
is requested in accordance with our previously submitted affidavit and
application for withholding, AW-76-31, dated July 27, 1976, a copy of
which is attached.

,

! Correspondence with respect to the proprietary aspects of this applica-
| tion should refentnce AW-78-27 and should be addressed to the undefsigned.

. Very truly yours,

b
, ,

\ Robert A. Wiesemann, Manager
-

c

Licensing Programs

Attachnent -

Mr."J. A. Cooke, Esq.
.

cc: -

.

Office of the Executive Legal Director, NRC
.

s.

.
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' July 27, 1976
AW-76-31 _

,
s

.

Mr. D. G. Eisenhut
Assistant Director for Operational Technology
Division of Operating Reactors'

,

Office of Nuclear Reactor Regulation ~
U. S. Nuclear Regulatory Connission
Washington, D. C. 20555

~

-

APPLICATION FOR WITHHOLDING PROPRIETARY
'

INFORMATION FROM PUBLIC DISCLOSURE
*

,

SUBJECT: Westinghouse Reload Safety Evaluation Methodology

REF: Westinghouse Letter No. NS-CE-1142 Eicheldinger to Eisenhut
dated July 27.-1976 .

.

Dear Mr. Eisenhut:
.

This application for withholding is submitted by Westinghouse Electric '
Corporation (" Westinghouse") pursuant to the provisions of paragraph
(b)(1) of Section 2.790 of the Connission's regulations. Withholding. -

from public disclos'ure is requested with respect to the subject infor-
i antion which is further identified in the affidavit accompanying thir -

application.

The undersigned h'as reviewed the information sought to be withheld and
*

.,

1s authorized to apply for its withholding on behalf of Westinghouse,
WRD, notification of which was sent to the Secretary of the Connission

"

on April 19, 1976.
.

The affidavit accompanying this application sets forth the basis on
which the information may be withheld from public disclosure by the
Consission and addresses with specificity the considerations listed in
paragraph (b)(4) of Section 2.790 of the Consission's regulations.

'

Accordingly.it is respectfully requested tha't the subject information
which is proprietary to Westinghouse and which' is further identified in,

the affidavit be withheld f rom public disclosure in accordance with 10 CFR .

-

Section 2.790 of the Connission's regulations.
. .

t }
*

*

e #
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Mr. D. G. Eisenhut -2- July 27,1976
AW-76-31

.

_

Correspondence with respect to this application for withholding or the
accompanying affidavit should be addressed to the undersigned. --

. Very truly'yours,

2.L424'llMll
*

. Robert A. Wiesemann, Manager .

Licensing Programs* -

/sah .

. -

Enclosure

. cc: J. W. Maynard, Esq.
Office of the Executive Legal Director, NRC

i

.

.

'I

O

e

%

. , . . - . . , . _ . . _r,



.- _. .

.

. .

-
.

.

AW-76-31 '
'

*

l

!AFFIDAVIT . .

!
|"'

TOPMONWEALTH OF PENNSYLVANIA: .

ss

COUNTY OF ALLEGHENY:
.

.

Before me, the undersigned authority, personally appeared
,

Robert A. Wiesemann, who, being by me duly sworn according to law, de-
poses and says that he is authorized to execute this Affidavit on behalf
of Westinghouse Electric Corporation (" Westinghouse") and that the aver-

ments of fact set forth in this Affidavit are true and correct to the
best of his knowledge, information, and belief:
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(1) 'I am Manager, Licensing Programs, in the Pressurized Water Reactor
Systems Division, of Westinghouse Electric Corporation and as such. -

I have been specifically delegated the function of reviewing the
' proprietary information sought to be withheld from public dis-

closure in connection with nuclear power plant licensing or rule-
making proceedings, and am authorized to apply for its withholding

'

on behalf of the Westinghouse Water Reactor Divisions. . ,

(2) 1 am making this Affidavit in conformance with the provisions of
10 CFR Section 2.790 of the Comission's regulations and in con-
junction with the Westinghouse application for withholding ac-
companying this Affidavit.

-

,.

(3) I have personal knowledge of the criteria and procedures utilized
by Westinghouse Nuclear Energy Systems in designating information'

as a trade secret, privileged or as, confidential commercial or
financial information. -

(4) Pursuant to the provisions of paragraph (b)(4) of Section 2.790
of the Comis.sion's regulations, the following is furnisned for-

consideration by the Comission in determining whether the in-..
'

.
fomation sought to be withfield from public disclosure should be
withheld. -

'

(1) The infomation sought to be withheld from public disclosure
- is owned and has been held in confidence by Westinghouse.

,

~

.
-

.

.

*
.

.

* *
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(ii) The information is of a type customarily held in confidence !

. by Westinghouse and not customarily disclosed to the public.
Westinghouse has a rational basis for determining the types

~

.

- of information customarily held in confidence by it and, in. ,

'

that connection. utilizes a system to determine when and
whether to hold certain types of information in confidence.

,
The application of that system and the substance of that*

, ,

system constitutes Westinghouse policy and provides the-

rational basis required.
. .

Under that system, infomation is held in confidence if it
falls in one or more of several types, the release of which
might result in the loss of an existing er potential com-

!-
- petitive advantage, as follows: ,

(a) The information reveals the distinguishing aspects of
a process (or component. structure, tool, method, etc.} -

where prevention of its us, by any of Westinghouse's.
.

competitors without license from Westinghouse consti-
'

I tutes a competitive ecencmic advantage over other-

!
~

~

companies.

(b) It consists of supporting data, including test data.
.

titlative to a process (or component, structure, tool,
~

method, etc.), the application of which data secures a
'

competitive economic advantage, e.g., by optimization

or, improved marketability.

.

b
,
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(c) Its use by i competitor would reduce his expenditure-
of resources or improve his competitive position in the
design, manufacture, shipment, installation, assurance

-

of quality, or licensing a similar' product..

, d) It reveals cost or price information, production cap-(
_

acities, budget levels, or comercial strategies of
,

Westinghouse, its customers, or suppliers.
.

(e) It reveals aspects of past, present, or future West-
inghouse or customer funded develdement plans and pro-
grass of potential comercial value to Westinghouse.

-
,.

(f) It contains patentable ideas, for which patent pro-
taction may be desirable.

j (g) It is not the property of Westinghouse, but must be . -

treated as proprietary by Westinghouse according to, .
! agreements with the owner.

. .

There are sound policy reasons behind the Westinghouse.

system which include the following:
.

(a) The use of such information bi Westinghouse: gives-

Westinghouse a competitive advantage over its' com-
petitors. It is, therefore, withheld from disclosure
to protect the Westinghouse , competitive position..

'
. .

.

e
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(b) It is infomation which is marketable in many ways.
The extent to which such information is available to

.

competitors diminishes the Westinghouse ability to
sell products and services involving the use of the-

.

infomation.

'

. (c) Use by our competitor would put Westinghouse at a-

competitive disadvantage by reducing his expenditure
of resources at our expense. .

.

(d) Each component of proprietary infomation pertinent
to a particular competitive advantage is potentially
as valuable as the total competitive advantage. If ,
competitors acquire components of proprietary infor--

'

antion, any one component may be the key to the entir,e
puzzle. thereby depriving Westinghouse of a competitive
advantage.

-
. ,

(e) Unrestricted disclosure would jeopardize the position i
1

,
of prominence of Westinghouse in the world market, |

~

and thereby give a market advantage to the competition.

in those countries.
,

. ..
,

,

(f) The Westinghouse capacity to invest corporate assets i

in research and development. depends upon the success
in obtaining and maintaining a competitive advantage.

-

. .
,
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(iii) The infomation is being transmitted to the Commission in
,

; confidence and, under the provisions of 10 CFR Section 2.790,
,

it is to be received in confidence by the Comission.
#

(iv) The infomation is not available in public sources to the
best of our knowledge and belief.

,

'

. .

(v) The proprietary infomation sought to be withheld in this
;

,
submittal is that which is appropriately marked in the attach-
ment to Westinghouse letter No. NS-CE-1142. Eiche1dinger to
Eisenhut dated July 27, 1976 concerning reproductions of view-

,

graphs used in the Westinghouse presentation to the NRC during
; the meeting mn July 27, 1976 on the subject of Westinghcuse

Reload Safety Evaluation Methodology.
} . ' . _ .

-

'
'

This infomation enables Westinghouse to:
.

. (a) Justify the design for the veload core

'

(b) Assist its customers to obtain licenses,

~
*(c) Meet contractual requirements .

.

(d) Provide greater flexibility to customers assuring them
*

of safe and reliable operation.
*

.

.

G
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-
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Further, this information has substantial comercial value

as follows: .

'
(a) Westinghouse sells the use of the infomation to its..

customers for purposes of meeting NRC requirements for
licensing documentation..

,
,

.

(b) Westinghouse uses the information to perform and justify
- analyses which are sold to customers.

|

(c) Westinghouse uses the information to sell nuclear fuel
and related services to its customers.

Public disclosure of this infomation is likely to cause.sub-
,

stantial harm to the competitive position of Westinghousi in

; selling nuclear fuel and related services.
. .

.

) Westinghouse retains a marketing advantage by virtue of ,the,

!

,

knowledge, experience and competence it has gained through '

i long' involvement and considerable investment in all aspects
of the nuclear power generation industry. In particular. .

.t -

1 Westinghouse has developed a unique understanding of the

| factors and parameters which are variable in the process of
| design of nuclear fuel and which do affect the in service

'

performance of the fuel and its suitability for the purpo'se.

j for which it was prov,ided.. .

. .

.
, .

e

.

!
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In all cases that purpose is to generate energy in a safe and
efficient manner while enabling the operating nuclear gener- -

|

ating station to meet all mgulatory requirements affected byi

the core loading of nuclear fuel. Confidence in being able to,

| accomplish this comes from the exercise of judgement based on

] , experience. .

4
-

Thus, the essence of the competitive advantage in this field
,

j lies in an understanding of which analyses should be performed
| and in the methods and models used to perfonn these analyses.

A substantial part of this competitive advantage will be lost
if the competitors of Westinghouse are able to use the results
of the Westinghouse experience to normalize 'or verify their.

i own process or if they are able to claim an equivalent under-
standing by demonstrating that they can arrive at the sade.or

| similar conclusionc. Its use by a competitor would reduce

; his expenditure of resourcas or improve his competitive - -

position in the design and licerising of a similar produc,t.:
i

| |
*

.

This'information is a product of Westinghouse design technology.
~

| - As such, it is broadly applicable to the sale and licensing of
fuel in pressurized water reactors. The development of this

| information is the result of many years of Westinghouse effort |

and the expenditure of a considerable sum of money. In order
for competitors of Westinghouse to duplicate this process

:

?

I
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would require the investment of substantially the same amount
of effort and expertise that Westinghouse possesses ed which ~

was acquired over a period of more than fifteen years and by'

the investment of millions of dollars. '

,

Further the deponent sayeth not..

,

'
,

i
i

!

!

!

1
|

| '

:

[

!
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Abstract

At the request of the Nuclear Regulatory Comission (NRC), this report
Provides inforsation which justifies the validity of Westinghouse fuel
system design and safety analyses methods and criteria to a lead rod

(a,c.
.

average burnup of [ 3* MWD /MTU.
,

I

i
,

i

.!

j

1

1

1

1 .

:

,

!
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|

|
This report evaluates the impact of extended burnup on the design and
operation of Westinghouse fuel. Each area of potential concern is
examined in Section 2.0 with respect to the impact of extended burnup to
show that applicable design criteria, performance models and methodology
are sufficient for design to a target lead rod average burnup ofc

(a.c)[ ]* W D/MTU. In Section 3.0, the Westinghouse extended burnupI

| operating experience and performance data base is summarized. Westing-
! house perfomance models and methodology are qualified with respect to
! these data for design to the target burnup. Current and future experi-

mental programs which will provide confimatory data at extended burnup-'

are discussed in Section 4.0, and conclusions are presented in Section,

! 5.0.
<

The infomation supplied in this report supports the conclusion that

! Westinghouse design methods and safety analyses are valid for operation
to a lead rod average burnup of [ ]* MWD /MTU. No perfomance (a c)

3

! limitations have been identified which would preclude the design of
! Westinghouse fuel to this target burnup, and it has been shown that

j current design and safet;y evaluation criteria can be applied with no

| modification to these criteria. In addition Westinghouse has already
I acquired sufficient data at extended burnup to justify operation to lead

rod average burnup of [ ]* HWD/MTU. It is therefore concluded (a.c)

|
that Westinghouse designed fuel can achieve a lead rod average burnup of (,,c)
[ ] MWD /MTU.

i .

!

i

)

4

!
1

i
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1.0 INTRODUCTION

1.1 BACKGROUND

Based upon economic and resource considerations, it may become desirable

| to increase Westinghouse fuel region average discharge burnups beyond

| the traditional levels of approximately 33000 MWD /MTU. This would
result in improved uranium utilization, potential fuel cycle cost
savings and a reduced demand on spent fuel storage capacit;y. The
Department of Energy (DOE) has been funding programs with all domestic

fuel vendors in order to pursue the improved uranium utilization of high
burnup.

As shown in Section 3.1 and in reference 1. Westinghouse has had consid-
erable fuel operating experience at extended burnup. Experience to date
suggests that in progressing to extended burnups, no sudden or
unexpected change in performance occurs. No fuel failures, attributable
solely to lifetime in reactor or achieved burnups, have been observed in
a power reactor. Fuel performance is more sensitive to power and
operating clad temperatures than to lifetime in a reactor. With
Westinghouse experience as of January 1982, approximately 230 commercial
design fuel assembifes have successfully achieved burnups in excess of
36000 MWD /MTU, with 78 in excess of 38000 MWD /MTU. Several utilities

have a number of fuel assemblies irradiated to burnups of greater than
40000 MWD /MTU. Recently in a cooperative program between DOE, the

Virginia Electric Power Company, and Westinghouse, a 17x17 demonstration

assembly in the Surry Unit 2 reactor achieved a burnup of 43200 MWD /MTU,
'while in a joint program with the Electric Power Research Institute

(EPRI), Connonwealth Edison Company, and Westinghouse in the Zion Unit I

reactor, four standard 15x15 design fuel assemblies have been discharged
after achieving an average burnup of 55000 MWD /MTU. Several high power

fuel rods in the Jose Cabrera Reactor have achieved rod average burnup
greater than 55000 MWD /MTU, and in the ongoing DOE-sponsored examination

of Westinghouse fuel rods, rods have been irradiated in the Centre

D' Etude De L'Energie Nucleaire (CEN) BR-3 reactor to rod average burnups
as high as 61500 MWD /MTU.

2209F:6 I
.



Early in 1981, the NRC fnitiated an evaluation of the current state of
the art and the additional data needed for licensing LWR fuel to
extended burnups. Westinghouse extended burnup experience, including
the burnup impact on design medels and on reload analyses, were ad-
dressed at a March 27, 1981 meeting with the NRC. Subsequent to
infomational meetings with each of the five U.S. fuel vendors, the NRC
requested [2] that each vendor submit an extended burnup topical report
which covers extended burnup experience, methods and test data. This

report is in response to that request.

1.2 OBJECTIVES

The purpose of this topical is to justify operation of Westinghouse (a.c
designed fuel to a lead fuel rod average burnup of [ ]* HWD/MTV.

This report provides the necessary infomation to assure the validity of
the current NRC approved Westinghouse design methods and safety analyses (a,c{
to a target lead fuel rod average burnup of [ ] MWD /HTU.

.

I

2209F:6 2
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2.0 ISSUES CONCERNING EXTENDED BURNUP
1

2.1 INTRODUCTION

i

j Included in this section is a discussion of the specific parameters
j affected by extended burnup operation. The changes in fuel duty associ-

ated with extended burnup include increased residence time, fuel burnup,
! fast fluence, and some small changes in power history. Fuel rod and

fuel assembly structural perfomance parameters have been evaluated with

i respect to the above changes in fuel duty to assure that all design
I criteria can be met for lead rod burnups of [ ]*PWD/MTU. In (a,c)

addition to fuel perfomance parameters, nuclear design parameters have

! also been evaluated with respect to extended burnup operation to show

| that all of the effects of extended burnup operation are accommodated.

] Finally, the effects of extended burnup operation identified in all of
j

j the above areas have been assessed with respect to the current Westing- *

i house safety evaluation methodology to show that current safety analysis
i limits and phx:edures are sufficient.
)

2.2 FUEL R00 PERFORMANCE'

:

I
t 2.2.1 Clad Oxidation and Hydriding :

!
The design basis for clad oxidation and hydriding is that the fuel

i
|

| system will not be damaged due to excessive clad oxidation and hydriding. '

,

i

2.2.1.1 Clad Oxidation
!
,

The design Ifnits applied to clad oxidation evaluations are that calcu-
lated clad temperature (oxide to metal interface) shall be less than

j [ ]"F during steady state operation, and for Condition II trans. (a.c)
,

i

tents the metal to oxide interface temperature shall not exceed
'

[ ]+0 These clad temperature Ifmits are required to preclude a (a c)F

condition of accelerated oxidation. |

|

!

|

2209F:6 3 |
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The primary impact of extended burnup operation on clad oxidation is due
' to the increased residence time at operating conditions. The factors

that are considered to control in-reactor corrosion for Zircaloy-4 are
the temperature (metal-to-oxide interface) and irradiation enhancement
to the degree appitcable. Extensive experience [3] has shown that

irradiation enhancement of the corrosion rate does not occur under
normal operating conditions in current Westinghouse PWR's. The con-
trolling factor for the in reactor Zirraloy corrosion rate is therefore
the oxide to metal interface temperature, which is controlled by the
above clad temperature criteria.

CThe NRC approved Westinghouse fuel perfonaance code * is used to
evaluate the clad surface temperature criterion. A value of [ ]+

(a,c)

mils crud thickness (typical of that observed in operating reactors) is
assumed in the clad temperature evaluation. Typical results at extended

i burnup show that the peak clad temperature throaghout life is less than

[ 3"F for steady state operation and less than [ 3+ F for (a.c)
Condition II transients.

Data on the corrosion behavior of Westinghouse fuel cladding is
' presented in Section 3.2.1. These data show that bounding limits of

I clad oxidation thickness for both nonaal and high power rods are accept-
"'

! able at burnups in excess of [ ]* MWD /MTU. Both nomal and high

crud thickness rods are included in the data base.

2.2.1.2 Clad Hydriding

Clad hydrogen pickup limits are required to prevent loss of mechanical
properties of the clad due to hydrogen embrittlement by the fomation of
Zirconium hydride platelets. The design Ifmit is that the hydrogen

i

pickup level shall be less than or equal to [ ]* ppm at the end of (a,c:

; the projected life. Westinghouse test results indicate that the i

! [ 3+ ppm criterion does not adversely affect the mechanical prop- (a,c(
! erties of Zircaloy-4.

| 2209F:6 4
!

l

.
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i
;

i

!

)
; Hydride platelet orientation can significantly affect the ductility of
j Zircaloy 4 components. The clad texture deterwines whether the prefer-

|
ential hydride orientation is circumferential or radial (radial hydride
orientation reducing fracture ductility). Process controls and texture

: acceptance tests preclude this problem for Westinghouse cladding.

Extended burnup operation impacts clad hydriding primarily due to;
' increased residence time. Conservative calculations at extended burnup

show typical maximum hydrogen pickup to be [ ]* ppe, (a,c)
,

which is well within the [ 3+ criterion. (a,c:.

j 2.2.2 Rod Internal Pressure
I

l
. The design basis for fuel rod internal pressure is that the fuel system
i
i will not be damaged due to excessive fuel rod internal pressure.
I
|

f The current NRC approved design limit for fuel rod internal pressure is

{ that the internal pressure of the lead rod in the reactor will be

|
Ifuited to a value below that which could cause (1) the diauetral gap to

I increase due to outward cladding creep during steady state operation and
(2) Extensive DN8 propagation to occur.E0 This limit is applied to

| extended burnup fuel rod design.
'

i Typical design fuel rod internal pressure Ifmit values which preclude
! gap increase and DNB propagation are [ 3+psiaabove (a c)

system pressure for 17 x 17 designs and [ ]* psia (a,c)

i above system pressure for 15 x 15 and 14 x 14 designs.

i
| Fuel rod internal pressure is more Ifmiting at extended burnup due to
| the additional fission gas inventory at extended burnup and potentially. |

to a change in the release characteristics of the fuel. Data also show4

i

; that the fission gas release increases as a function of rod power.

| Since current peaking factor ifuits will be met in extended burnup
,

{ design, extended burnup fuel will not experience peak power levels
j higher than those which are evaluated for current fuel rod design.

| However, extended burnup fuel at higher initial enrichment may
:
|

!
!
i

i 220gF:6
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I

] operate at these power levels for a longer time, potentially resulting

} in an increased fission gas release fraction. Data on fission gas
i. release at extended burnup is discussed in detail in Section 3.2.2.

I
! Evaluation of the fuel rod internal gas pressure as a function of
! irradiation time is performed using the Westinghouse burnup dependent

fission gas release model presented in Reference 4. This model is based

on measured fis'sfon gas release data which includes fuel rods operated
;

! at high power levels at burnups ranging from several MWD /MTU to greater

! 'han 57000 MWD /MTU. Limiting power histories consistent with extended,

) burnup operation are used in the rod internal pressure evaluation to

j assure that limits are met.
1

!
'

j A typical value of fuel rod internal pressure calculated for a 15 x 15

) fuel rod operated to a burnup in excess of [ ]+ MWD /MTU, is (a.c)
! [ ]+ psia. This value is compared to the limiting value of .(a.c)

'

,

[ 3+ psia for the 15 x 15 fuel . rod design. (a.c) ,

i 1

! 2.2.3 Clad Stress
j c

,

| The design basis for fuel rod clad stress is that the fuel system will
i not be damaged due to excessive fuel cladding stresses.
: :

'

i
' The design limit for fuel rod clad stress is that the volume average r

effective stress calculated with the Von Mises equation considering
feterference due to uniform pellet - cladding contact, caused by pellet

I thermal expansion, pellet swelling, uniform cladding creep, and pressure

| differential is less than the Zircaloy 0.2% offset yield strength, with
due consideration to temperature and irradiation effects under Condition !

; I and II modes of operation. While the cladding has some capability for

! accomodating plastic strain, the yield stress has been accepted as a [
) conservative design Ifmit. ;-
i

| ,

j The NRC approved Westinghouse fuel performance code [4] is used for -

| evaluating clad stress Ifmits. Both steady-state (Condition I) and
I transient (Condition II) conditions are evaluated; however, analyses

,

t

J

220gF:6 6
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have shown that transient clad stresses are most limiting and that the
limiting time in life is near the end of Cycle 2 of operation. Trans-
ient clad stress at high burnup is not limiting'since the rod power

| capability is reduced as a function of burnup, thus limiting the power
excursion which can be experienced by an extended burnup roi during a
Condition II event. Fuel rod clad stress is not, therefore, a concern

"

for extended burnup fuel rod design.

Typice' de:ign values of clad etfective stress during Condition I
cperation are [ ]* psi. A typical design value of (a,c)

the irraditted 0.2% offset yield stress for a Condition II transient is
[ ]* psi . Typical design values of clad effective (a,c)

stress for a Condition II transient are [ 3+ psi. (a c) |

2.2.4 Clad Strain

The design basis for fuel rod clad strain is that the fuel systen will
not be damaged due to excessive fuel cladding strain.

The design limit for fuel rod clad strain during steady state operation
is that the total plastic tensile creep and unifonn cylindrical fuel
pellet expansion due to fuel swelling and themal expansion is less than
1 percent from the unf rradiated condition. For Condition !! transients, i

the design Ifmit for cladding strain is that the total tensile strain
due to uniform cylindrical pellet thermal expansion during the transient
is less than 1 percent fron the pretransient value. These limits are
consistent with proven practice.

During steady state operation, tensile clad creep strain results primar-
11y from cladding stresses caused by pellet swelling and thermal cyan-
sfon following the closing of the pellet-cla'd gap. Since rod power
levels, and hence fuel temperature, decrease as a function of burnup the
fuel pellet diameter increase ac extended burnup caused by the fuel
swelling effect is somewhat mitigated by the reduced themal expansion.
Evaluation of clad strain during steady state operation is perfomed
using the NRC approved Westinghouse fuel perfomance code I43

72209F:6
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i Analyses show that steady state clad strain for rods irradiated to
I [ ]+ MWD /MTU are well within the design limit, with a typical

*

i limiting value of total tensile creep strain of [ ]+ I*'
,

percent.

For Condition II transients analyses have shown that tensile creep
strains, resulting from pellet thermal expansion, are most limiting at
the end of the second cycle of operation when transient clad stress is
most Ifuiting. Results also show that transient strain criteria are

,

! less limiting than transient stress criteria, and therefore transient
i strain limits are always met when transient stress limits are met.

! These evaluations are perfonned using the NRC approved Westinghouse fuel

! performance code [4], and a typical limiting value of transient clad
(a,c;strain is [ ]+ percent. Since the limiting condition

occurs near the end of the second cycle of operation, transient clad ,

strain is not a concern for extended burnup fuel design.
;

:

J
j 2.2.5 Clad Fatigue

!
I The design basis for fuel rod clad fatigue is that the fuel system will

|
not be damaged due to clad strain fatigue.

!

The design limit for clad strain fatigue is that the fatigue' life usage .

! factor is less than 1.0. That is, for a given strain range the number

f of strain fatigue cycles are less than those required for failure,
! considering a minimum safety factor of 2 on the stress amplitude or a
! minimum safety factor of 20 on the number of cycles, whichever is more

conservative.
]

i
'

Extended fuel rod, burnup up to [- ]f NWD/MTU may result in addt- (a.c
,

; tional. fatigue load cycles. Therefore, the strain fatigue evaluation
; must span the projected extended burnup design lifetime.

|
'; 4

| The evaluation of the fatigue life usage factor for extended burnup
'

! design conservatively assumes daily load follow operation over the If fe

! of the fuel rod. The NRC aproved Westinghouse. fuel perfonaance code [4]
i

< ,

!

. 2209F:6 8
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is used to detemine the strain range for the fatigue life usage
analysis. The Langer - O'Donnell fatigue model [6] constitutes the
basic approach taken in the fatigue analysis, with the empirical factors
of their correlation modified in order to conservatively bound the
results of the Westinghouse testing program.

Westinghouse fatigue test programs and the resulting data on which the
design strain fatigue life is based are presented in Reference 7. The

design equations'which are used follow the concept for the fatigue
design criterion according to the ASME Boiler and Pressure Vessel Code,
Section III.

A typical value of strain fatigue life usage for Westinghouse fuel rods
operated to [ ]* MWD /MTU burnup is [ ]+. This (a,c)

yalue is based on evaluations which assumed daily load follow over the
life of the fuel rod, where the load follow operation is assumed to be a
typical ramp pattern described as a. reference "12-3,6-3" daily load
cycle. The plant runs at full power for 12 hours, ramps down to the
lower power level over three hours, maintains the lower power level for
six hours, and ramps back to full power in three hours. For this
evaluation the power level changes for a load cycle are conservatively
assumed to be froa 100% full power to 15% of full power.

s

2.2.6 Fuel Temperature

The design basis for fuel temperature is that the fuel rod will not fail
due to fuel centerline melt during Condition I and Condition II opera-
tion. (

The design limit for fuel temperature analyses is that during Condition
I and Condition II modes of operation, there is at least a 95% probabil-

ity that the peak KW/ft fuel rods will not exceed the U02 melting
temperature. The melting temperature of unf rradiated U0 is taken as

2,

0 0'' '

.5080 F, decreasing by 58 F per 10000 MWD /MTU exposure. At '.

|
|

2209F:6
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[ ]+ 141D/MTU, this corresponds to a melting temperature of (a,@

0[ ]+0 , A calculated centerline fuel temperature of 4700 F has ( a ,0F

been selected as the overpower limit.

Design evaluations of fuel temperature are perfomed using the NRC
approved Westinghouse fuel performance code [4]. Analyses have shown
that fuel temperatures are maximum at beginning of life where the
pellet-clad gap is a maximum. Following pellet-clad contact, fuel
temperature decreases significantly.

Since fuel rod internal pressure criteria preclude the opening of the
pellet-clad gap during nomal operation at high burnup, it is concluded
that fuel temperature is limiting at beginning of life. Therefore !

evaluation of fuel temperature Ifmits is not affected by extended burnup
design.

2.2.7 Clad Flattening

I
The design basis for fuel rod clad flattening is that fuel rod failures
will not occur due to clad flattening.

The design liuit for fuel rod clad flattening is that the core residence
time will not exceed the calculated core residence time which corre-
sponds to a flattened rod frequency of 1.0.

Clad flattening is dependent on residence time at operation conditions,
and not on burnup per se. Longer residence time is typically required
to achieve higher fuel rod burnup, and therefore the clad flattening
analysis must bound the projected extended burnup residence time. The
lead rod average burnup of [ ]* 141D/MTU may correspond to resi- ( a',cb

dence time up to [ ]+. (a,c
|

| Evaluation of fuel clad flattening is perfomed using the NRC approved
j
! Westinghouse clad flattening model [8]. Calculations perfomed for

current generation stable fuel in pre-pressurized rods show that

|
|

2209F:6 10 .
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predicted clad flattening time exceeds residence times expected for
extended burnup fuel management. Typical values of clad flattening
times are in excess of 45000 effective full power hours.

2.2.8 Pellet Clad Interaction

The concern that a fuel rod may become more susceptible to pellet cladd-
ing interaction (PCI) type fuel failure at extended burnup has been
addressed based on Westinghouse and other available PCI data. This
concern was raised due to the increase in fission product inventory and
increased pellet-clad contact resulting from increased clad creepdown at
extended burnup. Based on an evaluation of available PCI data presented
in Section 3.2.6, it has been concluded that the fuel rod failure
susceptibility due to PCI does not significantly increase with extended
burnup.

Two criteria which have been recognized to ilave a relationship to PCI
have also been evaluated. The first criterion is that the uniforn clad
strain experienced during a transient is limited to one percent. This
criterion was addressed in Section 2.2.4, Clad Strain, where it was
concluded that transient clad strain, like transient clad stress, is
typically mast limiting at the end of the second cycle of operation and
is not, therefore, a concern for extended burnup operation. The second
criterion is that fuel melting should be avoided. This also is not a
concern for extended burnup since, as noted in Section 2.2.6, Fuel
Teaperature, fuel temperatures are maximum at beginning of life.- It is

'

therefore concluded that PCI is not a limiting concern for extended
burnup operation.

2.3 FUEL ASSEMBLY STRUCTURAL PERFORMANCE
i

2. 3.1 Fcel Rod Fretting

The design basis for clad fretting wear is that fuel rods shall be
designed not to fail due to clad fretting wear during Conditions I and
II operation.

2209F:6 )j
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Westinghouse uses [ [ percent wall thickness reduction as a general (a,c)

guide in evaluating clad imperfections, including fretting wear marks.
The design criteria for clad fretting wear are that clad stress and
fatigue limits discussed in Section's 2.2.3 and 2.2.5, respectively, must ;

be met. Fretting on the fuel rod clad surfaces will not have a signifi-
cant effect on stresses. The wear is local and on the clad outer
diameter where stresses are lower than in other clad areas.

Fuel rod fretting is affected by both the increased fluence and
increased residence time associated with extended burnup. For Inconel

grids the increased fluence results in a slight increase in grid spring
relaxation and the increased residence time may result in a slight

,

increase in the wear volume. For Zircaloy grids the effect of increased-
fluence on grid spring relaxation is not very detrimental, because the
grid springs are expected to be fully relaxed before the maximum burnup

'

i is reached. However, increased wear is expected due to the increased
residence time at zero grid spring force.

1
*

Evaluation of clad fretting wear is perfomed on the basis of empirical
data taken from operating reactors and fretting wear tests. These data,

,

discussed in Section 3.3.1, demonstrate that fretting wear limits will4

be met for extended burnup operation for both the Inconel as the;
T .-

Zircaloy grid. designs. [

!
2.3.2 Zircaloy Oxidation and Hydriding

i 2. 3. 2.1 Zircaloy Oxidation

- An acceptable corrosion rate is required to ensure that mechanical;

strength and behavior of the grids and guide thimble tubes are not'

reduced due to the effective loss of metal during reactor operation.
.

~

Zirtaloy structural component corrosion is affected due to the increased
residence time associated with extended burnup operation. However, ;

since the temperature of the grids or guide thimble tubes ' remain
! relatively constant at the value of the local coolant temperature, _
:

|

!

|
2209F:6 12
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extended burnup does not impact the Zircaloy corrosion rate. The addi-
tional oxidation of Zircaloy grids and guide thimble tubes due to the
additional residence time associated with extended burnup has been
evaluated using an isothemal corrosion rate dependent on the location
in the core. Bounding coolant temperatures of [ ]+

(a,c)

at the mid plane and [ ]+ at the top of the core were considered (a,c)

in the evaluation. Results of these bounding evaluations indicate that
Zircaloy structural component corrosion levels are acceptable at lead

(a,c)
rod average burnup of [ 3+ MWD /MTU.

2.3.2.2 Zircaloy Hydriding

In addition to the maximum oxidation concerns, a hydrogen pickup limit.

**of [ ]+ ppm is required for the Zircaloy structural components in
order to preclude excessive embrittlement by hydride precipitation.
Westinghouse R&D tests have been perfomed on the effect of hydriding on
the corrosion and mechanical properties of Zircaloy grid straps, and
data indicates that a hydrogen concentration of up to [ ]* ppm will (a,c)

not degrade the corrosion or mechanical properties of the Zirraloy 4
grid strap material. Additional data on Zircaloy hydriding found in the
open literature (References 10 through 16) support the use of the

**[ ]* ppm limit.

Zircaloy hydriding is affected by extended burnup due to increased
residence time. Conservative calculations of maximum hydrogen pickup

after [ ]+ months of operation result in hydrogen concentrations of (a,c)

approximately [ ]+ for the Zircaloy grid straps and (a,c)

guide thimble tubes, respectively. These values are well within the
[ ]* ppm limit. (a,c)

The possibility of hydride reorientation into the less desired thickness
direction of the grid straps has been addressed and found to be accept-
able. Significant reorientation in the thickness direction could
potentially cause a drastic reduction in the apparent ductility and
strength properties for even moderate hydrogen levels. The texture of
forged Zircaloy sheet orients essentially all hydrides into the rolling

2209F:6
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and transverse directions of the sheet. [

(a,c)+

.

2.3.3 Fuel Rod Growth Gap

An initial fuel rod-to-nozzle growth p&c must be provided in design to
allow for the differential f rradiation growth between the fuel rod
cladding and.the fuel assembly guide thimble tubes. Initial gaps for

Westinghouse fuel assembly designs, with typical values slightly in
excess of [ ]+% of the fuel rod length, are designed to assure (a.c)
acceptable growth gap distributions at lead rod average burnup of ,

[ ]+ MWD /MTU. Extended burnup impacts the fuel rod-to-nozzle (a.c)
growth gap primarily due to the increased fluence associated with
extended burnup. Increased fluence results in increased irradiation
growth of the Zircaloy fuel cladding and guide thimble tubes. The
additional growth of the annealed Zircaloy guide thimble tubes is small
relative to the growth of the cold worked cladding, resulting in an
increased reduction in the rod-to-nozzle gap. The Westinghouse
criterion for fuel rod-to-nozzle growth gap potentially allows for a
sna11 finite number of gap closures.

As discussed in Section 3.3.3, the initial fuel rod-to-nozzle growth gap
is designed based on measured growth gap data as a function of fluence.
The distribution of measured gap data is detennined as a function of
fluence and is statistically combined with the distribution of rod
average fluences for an assembly with a lead rod average burnup of

[ ]+ !!WD/MTU. The initial rod-to-nozzle gap is detenained to (a,c)

provide acceptable rod-to-nozzle clearance for operation to lead rod
burnup of [ ]+ MWD /MTU. (a.c)

|
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d2.3.4 Fuel Rod Bow

The effects of fuel rod bow (i.e., dimensional changes) on DNBR and
power peaking are included in design analysis as discussed in WCAP-8691

EI73Revision 1 Therefore, specific limits on fuel rod bow are not
required. An evaluation of fuel rod bow in Westinghouse fuel assembly
designs, including the impact of burnup on rod bow is provided in
WCAP-8691, Revision 1.

As noted in WCAP-8691, Revision 1, the amount of fuel rod bowing has

been observed to increase with burnup. The resultant rod bow correla-
tions reflect this trend and consequently the magnitude of the rod bow
DNBR effect, and the rod bow power peaking factors also increase with
bu rnup. However, by the time the fuel attains an assembly average
burnup of 33000 ffWD/flTU, it is not capable of achieving limiting peaking
factors due to the decrease in fissionable isotopes and the buildup of
'ission product inventory. This physical burndown effect is greater
than the rod bowing effects which would be calculated based on the
anount of bow predicted at those burnups. Therefore, for the purpose of
evaluating effects of rod bow, 33000 t1UD/MTU represents the naximum

burnup of concern so that rod bow is not a limiting concern for lead rod
average burnup of [ ]+ 14tD/MTU. This conclusion is supported by (a,c)
data presented in Section 3.3.4.

2.3.5 Assembly Holddown Spring Force

The fuel asseably holddown springs are designed to keep the fuel assem-
blies in contact with the lower core plate under all Condition I and II
events with the exception of the turbine overspeed transient associated
with a loss of external load. A turbine overspeed transient following
loss-of-load may cause a fuel assembly lift for a short period of time.
Such lifting is expected to be infrequent, but all fuel assembly hold-
down springs will accounodate the added deflection and function normally
following the transient.

2209F:6 15
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The fuel assembly holddown springs will be affected by extended burnup
in two ways. First, the higher fluence associated with extended burnup
will cause additional fuel assembly growth. This growth will cause
additional deflection of the holddown springs and will result in an
increased holddown force. The second effect is that the higher fluences
will cause additional irradiation relaxation of the spring material.
Such relaxation will result in a decreased holddown force.

Past analyses of Westinghouse leaf-type holddown spring performance
predict a net increase in holddown force (i.e., the increase due to fuel
assembly growth more than compensated for the decri.dse due to relaxa-
tion) as the fuel assembly experiences additional irradiation. Fuel
assembly length measurements at Zion Unit 1 confim that fuel assembly
length are increasing, as expected, with burnup. Also PIE of Westing-
house leaf-type springs at Point Beach Unit I confirmed that the spring
rates renained within the range specified for as-built, unirradiated
holddown springs. It is therefore concluded that fuel assembly holddown
spring force is not a limiting concern for extended burnup design since
expected assembly growth compensates for the relaxation of the spring as
a function of fluence.

2.3.6 Guide Thimble Tube Wear

Fuel assembly guide thimble tube wear has been observed in Westinghouse

designed cores. The most severe wear occurs in the top 8 inches of
guide thinbles in fuel assemblies located under Rod Cluster Control
Assemblies (RCCAs) in the fully withdrawn position. Guide thimble wear
due to interaction with RCCAs in the controlling bank or with thimble
plugging devices is not significant and does not require evaluation. It
has been deteruined that guide thimble tube wear due to interaction with
RCCAs in the fully withdrawn position is primarily the result of a
coubination of flow-induced rod vibracion and mechanical misalignment.
This wear phenomenon has been evaluated for all current design varia-
tions including 14x14,15x15,16x16,17x17, standard and optimized,12
foot and 14 foot designs.

2209F:6 16
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Guide thimble tube wear may be impacted by extended burnup operation
primarily due to the additional residence time associated with extended
burnup. The increased residence time may result in increased fuel

assembly duty under a RCCA in the fully withdrawn position which could
result in increased guide thimble wear.

Guide thimble tube wear has been evaluated based on the thimble wear
data and the guide thimble wear mode 1[18,19, 20] which are discussed

in Section 3.3.5. These evaluations have shown that all Westinghouse

fuel designs can operate under an RCCA in the fully withdrawn position
for up to 225 weeks (4.3 years). This is equivalent to a minimum of 5
annual cycles (5 years) of reactor operation with an 86 percent capacity
factor.

Extended burnup operation to a lead rod average burnup of [ 3+
(a,c)

MWD /MTU will not require greater than 225 weeks residence time under a

fully withdrawn RCCA. Therefore, this guide thimble tube wear criteria
will be met for extended burnup.

2.4 NUCLEAR DESIGN PARAMETERS

In this section the effects of extended burnup on nuclear design param-
eters are discussed. Fuel burnup is typically increased by increasing
the average residence time in the core through a reduced number of feed
assemblies for either a fixed or an increased (i.e.,18 month cycle)
cycle length. A result of having fuel with higher burnup in the core
(hicher core average burnup) is an increase in.the core fission product
inventory. The reduced number of feed assemblies and increased fission
product inventory leads to a need for higher enrichment of feed assem-
blies and causes a larger difference in K - between fresh and burnt
assemblies.

|

|

In addition to the extended burnup, some other features which improve
'

fuel economics and utilization are also incorporated in the fuel manage-
ment schemes leading to extended burnup. These include 18-month cycles,
low leakage loading patterns and improved burnable absorbers. Presence

2209F:6
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of the high reactivity fuel at the core periphery, as in the conven-
tional loading patterns, leads to high neutron leakage. Low leakage

|loading patterns, with preferential fresh fuel placement inboard, are
advantageous for better fuel utilization. Such economically advanta- |
geous fuel management schemes further increase the power peaking due to !

a larger reactivity difference between fresh and high burnup fuel.
Burnable absorber rods are used to control the power peaks. For an
18-month cycle, the use of burnable absorbers for power distribution
control does not typically constitute an additional constraint because
they are also required for moderator temperature coefficient control, at
current burnup levels.

The design parameter changes in the extended burnup core are mainly due
to (in addition to design features to improve fuel utilization discussed
above):

1. harder spectrum - use of burnable absorbers produces a more
absorbing and a dryer core. Higher enrichment and larger
plutonium and fission product concentration also uake the
spectrum harder.

11. larger fraction of fissions in plutonium.

iii. more cogetition for neutron absorption.

The primary nuclear parameters affected by extended burnup due to the
|

factors mentioned above are:

a. Power Peaking Factors

The use of a low leakage loading pattern, a larger difference
in the reactivities of the fresh and burnt fuel, and a harder

j spectrum coabine to produce higher power peaks.. To a large
extent these peaks can be minimized by using burnable absorbers

' having a depletion rate which keeps the aaxioun power slowly
decreasing with burnup. Without the use of burnable absorbers,
the power gradients in an extetsded burnup core would be larger

2209F:6
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compared to the conventional discharge burnup core. However,
when the required burnable absorbers are used, power shape
gradients are quite cooparable. Therefore, the uncertainties
in the power peak predictions would not be affected by extended
burnup operations.

b. Effective Delayed Neutron Fraction and Prompt Neutron Lifetime-

Changes in these parameters are small. Effective delayed
neutron fraction tends to be lower due to the larger fraction'

of fissions in plutonium, but the change is small due to the

! shift in power sharing in favor of the fresh fuel. Prompt
neutron lifetime decreases slightly as the spectrum becomes

'

harder and the core more opaque.

c. Moderator Temperature Coefficient
For a fixed concentration of soluble boron the moderator

,

temperature coefficient is more negative for extended burnup
, ,

{ fuel management. On the other hand, the associated 18-month

; cycle length soluble boron concentration can be higher to
! control excess reactivity. Therefore, with the use of an

,

appropriate number of burnable absorbe-s, which are also
required for power peaking control, moderator temperature
coefficient can be controlled within the required limits at the
beginning of cycle. At the end of cycle, the moderator

- temperature coefficient is more negative for extended discharge
burnup fuel management, but is still within the current limits,

; used for the safety analysis.

d. Control Rod Worth

The larger competition for absorption and harder spectrum in
the extended burnup fuel management reduce the control rod

worth. The reduction in control _ rod worth could slightly
reduce the shutdown margin but the control red worth would
still be above the required ifmits for steamline break

i analysis. The changes would be comparable to those for the a

normal. design variations and would be handled by the normal

2209F:6 19.
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safety evaluation methodology [21] On the other hand, the.

I reduced rod worth would improve safety margin for the other
control rod dependent accidents like those due to dropped rod,
rod misalignment, stuck rod and rod ejection.

i

e. Doppler Coefficient

| The Doppler coefficient is slightly more negative for extended
burnup schemes but is within the acceptable range. *

f. Boron Worth

Soluble boron worth would be somewhat smaller for the extended
burnup schemes. This is similar to the effect of a transition
to an 18-month cycle. Reduced boron worth would increase the ,

required boron concentration during refueling. But the safety
implication of this is to improve safety for a boration/
deboration accident.j-

j g. Fuel Rod Power Census
,

| Due to the larger difference in reactivity between the burnt

}
and fresh fuel, a larger fraction of the fuel rods operate at a

i higher power rating. The effect is expected to be comparable
to that of a transition to an 18-month cycle, which has been
successfully achieved for many plants by Westinghouse.

,

! h. Excore Detector Response

! In the extended burnup core the flux levels at the core '

periphery are lower and the core more opaque. .This reduces the
flux at the excore detectors. The major reduction comes due to -

; ,

the transition to an 18-month cycle, with a small reduction due
to extended burnup.

I

The major effect of extended burnup is on the power sharing between

i -fresh and burnt assemblies. Design for power peak tailoring requires a
i little more effort for extended burnup cycles, particularly with neutron
; efficient loading patterns and improved burnable absorbers having low

residual penalty. The effect is qualitatively similar to the transition

;
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to 18-month cycle'with these improved features. Westinghouse programs
have demonstrated that the loading patterns required for these transi-

tions can be obtained.

Current results indicate that changes in the nuclear parameters which
are used as input to safety evaluations (as described in
WCAP-9272[21]) are all expected to be within the current range of
values used for safety evaluation input. All safety related nuclear

'

parameters are examined on a cycle to cycle and design specific basis
according to the methodology presented in WCAP-9272. The impact of
changes in nuclear parameters on the safety evaluation is discussed in
Section 2.5.

2.5 SAFETY EVALUATIONItETHODOLOGY

a

2. 5.1 Non-LOCA Transients

This section discusses the impact of extended burnup fuel on methodology
and computer codes used for non-LOCA safety evaluation. The reference-

analysis approach as described in WCAP-9272[21] is fundamental to the

reload safety evaluation process. This process determines if a core
configuration is bounded by existing safety analyses in order to confim
that applicable safety criteria are satisfied. The methodology,
therefore, systematically identifies parameter changes on a cycle-by-
cycle basis which may invalidate existing safety analyses and identifies
postulated accidents that need to be re-evaluated. Because cycle
specific parameters are used, the methodology is applicable to extended
burnup cores.

<

The re-evaluation may be of two types. If the parameter is only
slightly out of bounds, or the transient is relatively insensitive to
that parameter, a simple quantitative evaluation may be made which
conservatively evaluates the magnitude cf the effect and explains why
the actual analysis of the event does not have to be repeated.
Alternatively, should the deviation be large and/or expected to have a - ;

I

|
l
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more significant or not easily quantifiable effect on the accident, a,

re-analysis of the accident is performed. If the accident is
reanalyzed, the analysis methods follow standard procedures and will
typically employ analytical methods which have been used in previous
submittals to the NRC. These methods are those which have been pre-
sented in the FSAR, subsequent submittals to the NRC for a specific
plant, Reference SARs such as RESAR-3S[22], or reports submitted for
NRC approval. No changes in methods, analytical procedures, or computer'
codes are necessary for extended burnup fuel. The reanalyzed accident
must continue to meet the appropriate safety limit for that event in
order to be considered to have acceptable results.

The nuclear parameters that are most sensitive to extended burnup and
the expected direction of change (with respect to lower burnup fuel) are
diacussed in Section 2.4. Table 2.1 lists those Non-LOCA transients
that are most sensitive to these nuclear parameters. Also listed in
Table 2.1 are the key nuclear parameters for each of the transients that
are adversely impacted by extended burnup.

The Westinghouse acceptance criterion (as presented in the FSAR, sub-
sequent submittals for a specific plant, Reference SARs such as
RESAR-3S[22], or reports submitted for NRC approval) for eleven of the

'

twelve transients listed in Table 2.1 are independent of burnup. For
the rod ejection event, the Westinghouse criteria, as discussed in
Reference 31, are as follows:

A. Average fuel pellet enthalpy at the hot spot below 225 cal /gm
for non-irradiated fuel and 200 cal /gm for irradiated fuel .

B. Average clad temperature at the hot spot below 2700 F
the temperature above which clad embrittlement may be expected.

C. Peak reactor coolant pressure less than that which would cause

stresses to exceed the Faulted Condition stress ifmits.
1 -

2209F:6
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D. Fuel melting limited to less than the innemost 10 percent of
the fuel pellet at the hot spot, even if the average' fuel
pellet enthalpy at the hot spot is below the limits of
criterion A.

~

Criteria B, C, and D are not burnup dependent. Criterion A may be
affected by burnup, and this is currently being investigated by the -

NRC. The observed burnup dependence of this parameter has occurred

within the range of current ftel burnup and therefore this is not an
extended burnup issue. The current Westinghouse criterion an average
fuel pellet enthalpy is less than the criterion provided in Regulatory
Guide 1.77. Pending new requirements in this area, Westinghouse will

! continue to apply its more conservative criterion.

All of the computer codes used in non-LOCA safety evaluations
(LOFTRAN[32], FACTRANE333,TWINKLEE343, and THINC[35]) are valid

! for extended burnup operation to lead rod average burnup of [ ]+
(a,c)

j MWD /MTV.

1

2.5.2 LOCA Evaluation

Sensitivity studies perfomed by Westinghouse in the past[5,23] have

j shown that the calculated LOCA peak clad temperature decreases with
'

increasing burnup from the time of highest pellet temperature, which
: occurs near the beginning of fuel life. For these sensitivity studies a

i series of analyses were perfomed which used fuel parameters and operat-
ing conditions characteristic of various burnups throughout life. The
analysis included the effect of flow blockage, as calculated by the

) burst and blockage models approved by the NRC for use.in Appendix K
~

|

j analyses at that time. The results show that the maximum peak clad
temperature during a LCCA occurred using fuel parameters and initial
conditions consistent with the time in life which exhibits the highest
pellet average temperatures, near the beginning of life. From this

,

stage of fuel burnup, the calculated peak clad temperatures were shown
,

i
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to decrease throughout life. More recent analyses using the 1981
version of the Westinghouse ECCS Evaluation model (Ref. 24) support this

conclusion.

The studies cited here utilized the Appendix K LOCA model and show that-
I current design criteria should be unaffected by extended burnup. In

addition, the sensitivity study perfonned in the past (Ref. 5) showed a
'

relatively large margin to Appendix K LOCA Ifmits with calculated peak
clad temperatures during LOCA dropping rapidly throughout fuel life.

,

Thus, minor variations among different fuels or plant designs would not'

affect the conclusions.

E*The sensitivity studies perfonned for the LOCA analysis utilized
4

the approved Westinghouse ECCS Evaluation mode 1[25,26,27] appifcable I

E243at the time. Recent upgrading of the ECCS model should yield
stallar results since the basic code remained the sane. Work perfomed
recently using the 1981 version of the ECCS mode 1[24] for moderately

! high burnup (20000 MTD/!!TU) supports previous sensitivity studies. The
ECCS model has sufficient input flexibility to explicitly model burnup
dependent parameters. The currently approved model presumes the most

;

j limiting time in fuel life as near beginning of life at the time of peak

| fuel stored energy. Thus, continued use of the approved Westinghouse

i ECCS codel ass'ures that the most limiting fuel conditions have been used.

.

.

|

!
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TABLE 2.1

Non-LOCA Transients Sensitive to Burnup Dependent Nuclear Parameters

and the Impacting Parameters

- Transient Impacting Parameter

.
_+ (a,c)

Uncontrolled RCCA Bank Withdrawal at Power,

RCCA itisalignment

Less of Flow
Less of External Load and/or Turbine Trip

Less of Nonnal Feedwater/ Loss of Offsite Power i.

Excessive Heat Removal Due to Feedwater System

) Malfunction / Excessive Load Increase
Accidental Depressurization of the Reactor
Coolant System

'
Single RCCA Withdrawal at Power

Accidental Depressurization of the Secondary.

System /Steamline Rupture

Main Feedline Rupture

Single Reactor Coolant Pump Locked Rotor

; Rupture of an RCCA Drive Mechanism

Housing (RCCA Ejection)'-

. .

u.

* Turbine Runba'ck Plants,

'

2209F:6 -25-

.

- - - - _ _ _ _ _ _-._._ _ __ _____ _



._

2.5.3 Radiological Safety Evaluation

2.5.3.1 Core Inventory

Analysis of the core inventory of fission products has been perfomed
using the ORIGEN[30] code and the ENDF/B-IV data library at region

average burnups of 33000 MWD /MTU and at [ ]+ MWD /MTU (which is (a,c)

consistent with extended burnup operation. The results of the analysis,
expressed as percentage changes in the core inventory of major isotopes
of iodine, krypton, and xenon, are given in Table 2.2. The results are

expressed in this manner since the percentage changes are applicable to
a variety of core designs and are not sensitive to fuel enrichment nor
to size of the core.

The analysis shows that the increased burnup changes the core inventory
of short-lived nuclides by between +5% and -13%. The effect of
increased burnup on the long-lived krypton-85 Is a near linear increase
in core inventory. Krypton-85 is not a significant contributor to the
radiological impact for postulated accidents or nomal operation, and
the remaining nuclides available for atmospheric release have changed by
a small percentage. Therefore, the results presented in safety analysis

,

reports for offsite dose consequences would not be changed significantly
: as a result of the extended burnup.

i

2.5.3.2 Gap Release Fractions |

Using the ANS 5.4 Standard Fission Product Release Model, an analysis
,

I

was perfomed to detemine the effect of extended burnup on gap release'

fractions for the radioactive isotopes of Xenon, Krypton, and Iodine.
The ANS 5.4 model provides an analytical method for calculating the
release of volatile fission products from the fuel pellets during nomal
operation. In the analysis, the column of fuel pellets was divided into
7 axial and 10 radial nodes and the irradiation period was divided into
a series of burnup (time) increments such that no burnup increment
exceeded 2000 MWD /MTU. The temperature and specific power distribution

!
t

I
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were assumed to remain fixed throughout each burnup increment. Data for
temperature and specific power as a function of burnup was based on a
Zion Station high burnup fuel assembly (discharged at about 55000
MWD /MTU) since this fuel has representative temperature and power
histories.

The calculated peak gap fractions are given in Table 2.3 where they are
compared with the Regulatory Guide 1.25 gap fractions. The results of
this analysis show that, for isotopes with half-lives of less than a
year, the gap fraction is more sensitive to fuel temperature than to
burnup. Thus, as extended burnup is achieved (tending to increase the
gap fraction), the lower fuel temperatures associated with the higher

; burnup level tend to decrease the gap fraction. For these isotopes
having half-lives of less than one year, a peak release fraction is
calculated to occur at i.he end of the second fuel cycle with a rod,

average burnup of [ ]*!!WD/MTU. For extended burnups, the gap (a,c)

release fraction declines from the peak value.

For isotopes having half-lives greater than a year, e.g., krypton-85,
the gap release fraction does not reach a peak but continues to increase
with increasing burnup.

As can be seen on Table 2. 3 the gap fractions for radioactive nuclides
given in Regulatory Guide 1.25 are conservative for burnups up to
[ ]+ MWD /MTU. (a,c)

The total fission gas release fraction, discussed in Section 3.2.2,
,

includes both radioactive nuclides and stable nuclides (e.g. helium) and
does not reach a peak but increases with increasing burnup.

2.5.3.3 Iodine Spiking

The prevailing theory on the themal and hydraulic mechanisms producing
the f adine spiking phenomena is the result of independent investigations
in both the United States and abroad. The theory describes the probable

2209F:6
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source of the spike inventory as. cesium iodine salts which are deposited
in the inner surfaces of the fuel rod cladding and to a lesser degree 'on
the outer surface of the fuel pellets. A fuel rod with a cladding
defect will admit reactor coolant liquid to contact the inner surfaces
of the fuel rod only when the local power is below approximately
2 kw/ft. When reactor coolant enters the fuel rod, it will dissolve the
cesium iodine salts deposited there. The dissolved cesium and fodine is
then free to be transported to the reactor coolant system where it is

A similar hy' raulic mechanism occurs duringdseen as an iodine spike.
reactor coolant depressurization wherein the trapped gases within the
fuel rod above and/or below the defect location will be at a higher

;

| pressure than the coolant as the reactor coolant system is depressur-
ized. This creates a driving head to expel the fodine laden water from

| the fuel rod thus producing another fodine spike. These spikes have
become known as power spikes and pressure spikes.4

Since the source of fodine is the fuel rod cladding gap activity, any
spike activity resulting from fuel rods with extended burnup (i.e.,
greater than 33000 MWD /MTU region average burnup) would be less than
that froa defected rods at lower burnups due to the decreasing gap
release fraction with increased burnup (Section 2.5.3.2) and the slight'

change in iodine inventory due to increased burnup (Section 2.5.3.1).

The only effect of higher burnups on todine spiking would result from
the lower ifnear power of extended burnup fuel rods. If a defected fuel
rod were at a high burnup level, the linear power of the fuel rod would

i be closer to 2 kw/ft. conpared to lower burnup fuel rods. Thus, a
! soaller decrease in reactor power would produce an iodine spike of the
t

; power spike variety. This implies two observations:

1) Upon reactor shutdown, the spike contribution from extended
,

burnup fuel rods would be produced earlier in the shutdown
transient than that contribution from defected rods at lower

i burnups, and

i

2209F:6
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2) Iodine spikes would be produced with srM1er power variations
(e.g., smaller load follow swings) if defected rods were at
extended burnup as compared to defected rods at lower burnups.

However, since the use of the iodine spiking phenomena in Safety
Ana?; sis Reports and Safety Evaluation Reports is in the area of radio-
logical consequences of accidents, this effect would not affect the
results of the analyses. In accident scenarios, a reactor trip occurs
thereby resulting in all fuel rods dropping below 2 kw/ft at roughly the
same time. In this case, extended burnup rods would not produce an

early spike component.

In conclusion, the conservatism in the NRC spiking model is only added
to in dealing with iodine spiking considering fuel rod defects in
extended burnup fuel rods.

2.5.3.4 Fuel Handling Accident
.

The dropping of a fuel assembly considers resultant damage to all rods
in the dropped fuel assembly plus 50 rods in an impacted fuel assembly.
This results in the release of the gap activity for the damaged fuel

i rods. As indicated in Section 2.5.3.1, the core inventory for most
nuclides of concern does not change significantly with burnup. Thus,
even using the highly conservative gap release fractions given in
Regulatory Guide 1.25, the radiological consequences of the fuel handl-
ing accident would not change significantly. However, an analysis has
been performed for a fuel handling accident involving fuel assemblies
from a discharge region having an average burnup of [ ]* MWD /MTU, (a c)
which is consistent with extended burnup operation. The resulting
releases from the fuel are indicated in Table 2.4 where they are
compared with releases from a fuel handling accident involving fuel

,

'

assembifes from a discharge region having an average burnup of 33000

MWD /MTU.

.

.
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As stated in Section 2.5.3.2, the gap release fradtions for most of the
significant nuclides reach a peak (much lower than the Regulatory Guide

,

1.25 values) and then decrease with continued burnup. Therefore, the
fuel handling accident involving fuel assemblies that have experienced
extended burnup would, in actuality, have reduced radiological conse-
quences in comparison with fuel at region average discharge burnup of

33000 HWD/MTU.

Another factor in detemining the radiological consequences of a fuel
handling accident is the capability of the pool of water in the refuel-
ing cavity or the spent fuel pit to remove iodine from the gas bubbles
released from the damaged fuel rods.

A detemination of pool decontamination factor (DF) for iodine is
provided in WCAP-7828[28] which considers total volumes of fission

gases forued plus helium fill gases in the fuel pins for assembly arrays
of 14x14 and 15x15 at burnups up to 42000 MWD /MTU for a lead assembly.

The maximum total gas for an assembly at this burnup was calculated at
[ ]* standard cubic feet. (a,cl

. An analysis has been perfomed to extend the infomation provided in
WCAP-7828 to detemine the pool DF for extended burnup fuel. The
analysis is conservatively based on a fue* assembly consisting of fuel

| rods which all have a burnup exceeding [ ]+ MWD /MTU. With this (a,c

burnup, the contained gas is calculated to be [ ]* standard cubic (a,c

feet in a 15x15 fuel array. [
]+ Since the experiments (a,c}

conducted in WCAP-7828 were simulations of 15x15 fuel assemblies, the

results were extrapolated to consider the new volume of [ ]* stan- (a,c{

dard cubic feet. This extrapolation indicates a pool DF of approxi-
**#mately [ ]*. It is concluded that the DF value of 100, which is

assumed for a fuel handling accident by guidance of Regulatory Guide
1.25, is not only valid, but conservative, for the extended burnup fuel.

j
!
i
1
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TABLE 2.2 '

Change in Reactor Core Inventories of Iodines and Noble Gases for Change in
Fuel Burnup from 33000 to [ [ MWD /MTU

(a,c)

(Region Average Discharge)

Nuclide Percentage Change

Kr-83m - 7%

Kr-85 +34%

Kr-85m -10%

Kr-87 -1 R%

Kr-88 -11%

Kr-89 -13%

Xe-131m + 3%
! Xe-133 + 1%

Xe-133m No Change

Xe-135 - 8%

Xe-135m + 5%
,

'

Xe-138 - 3%

: I-1 31 + 35

I-132 + 35

I-133 No Change
'

I-134 - 15
I-135 - 1%

<

|

!
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TABLE 2.3

Fuel Rod Gap Release Fractions for
Fuel Rod Average Burnups to [ ]+ MWD /MTU (a.c)

Regulatory Peak Release *

Isotope Guide 1.25 Fraction
+

. _.

I-1 31 0.10 (a,c)

i I-132 0.10

- I-133 0.10

I-134 0.10

I-135 0.10

Xe-131m 0.10

Xe-133m 0.10
; Xe-133 0.10

Xe-135m 0.10

Xe-135 0.10

Xe-138 0.10

Kr-83n 0.10

Kr-85m 0.10
'

Kr-85 0.30

Kr-87 0.10

Kr-88 0.10

Kr-89 0.10
, ,

*The gap release fractions for all the listed nuclides except Kr-85
reach peak values at the end of the second fuel cycle with a rod average

(a,chburnup of [ ]* MWD /MTU. For Kr-85 the release fraction ~does not
j peak but increases with fuel burnup. The release fraction of [ ]+

is associated with a rod average burnup of [ ]* MWD /MTU which is (ad
the upper value used in the analysis. For nuclides that have a peak gap
release fraction, the release fraction decreases from the peak value as

' burnup increases.

|

|
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TABLE 2.4

Noble Gas and Iodine Inventories Releases as the Result of a
Fuel Handling Accident

Region Average Discharge Burnup

Radionuclides 33000 MWD /MTU* [ ]+ HWD/MTU* (a.c)

Noble Gases Curies Released
,+ (a.c)-

3Kr-85 2.8 x 10
2

Xe-131m 6.2 x 10
4

Xe-133m 1.2 x 10'

5
Xe-133 1.5 x 10
Xe-135m 7.8 x 10'I

2
Xe-135 2.6 x 10

_ _

Iodines
-+-

I-130 7.8 (a,c)
4

I-1 31 7.1 x 10
4I-132 6.0 x 10
3I-133 7.5 x 10

I-135 5.1
..

Graus Released

+-

I
,

I-127 1.1 x 10 - (a,c)

! I-129 4.6 x 10I
, ,,

|

| *The values are based on the following assumptions:
a) Gap inventory of 314 fuel rods in discharge region
b) Radial Peaking Factor of 1.65
c) Accident occurs 100 hrs after shutdown
d) 4.1 w/o U-235
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3.0 REVIEW OF CURRENT DATA BASE, MODELS, AND METHODOLOGY

3.1 INTRODUCTION

This section provides evidence that the Westinghouse data base, perfor-
; mance models, and methodology are sufficient to justify design to a lead

rod average burnup of [ [ MWD /MTU. Due to extensive Westinghouse (a,c)

| extended burnup experience in the past, Westinghouse has had available a
significant extended burnup data base for several years. Because of the
availability of these data, perfomance models developed over the past
several years have already included the observed extended burnup
effects. In addition to the measured data provided in this secticn,
comparisons between measured data and predicted results are provided,
when appropriate, to confim the applicability ol the models. Current
design methods are also discussed in terms of their applicability to
extended burnup.

The Westinghouse fuel experience in reactors at burnups in excess of
36000 MWD /MTU is sumarized in Table 3.1. There are several plants
where region sized batches (s1/3 of a core) have achieved average dis-
charge burnups of 36000 to 37000 MWD /MTU. In addition, several smaller
batches of 1-8 assemblies have achieved burnups in excess of 40000

MWD /MTU and 4 assemblies have reached lead assembly burnups s55000

MWD /MTU. These lead assemblies are part of a joint EPRI/ Westinghouse

extended burnup program, and have recently been discharged after 5
cycles of operation in the Zion Unit 1 reactor. The results of examina-
tions of these assemblies through 4 cycles of operation are currently
available, and additional data will be available following the 5-cycle
assembly examination scheduled for August 1982.

The coolant activity levels at the end of cycle for each of the extended
burnup batches, shown in Table 3.1, lie in the range typical of com-
mercial reactors. No correlation has been observed between coolant
activity and extended burnup. The Zion extended burnup assemblies were

.
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sipped following their third and fourth cycle of irradiation and foundI

to be leak tight. This demonstrates shows that good fuel integrity is
achievable through these burnup levels.<

1

The above experience was obtained at normal operating conditions. i

Experience under lead rod power conditions is required to provide con-'
,

fidence that no perfomance limiting phenoma that would be seen underi

f more severe operating conditions are being approached, but not observed

|
at normal operating conditions. Data from extended burnup, high power
irradiations performed in the Jose Cabrera and BR-3 reactors address
this concern. The burnup levels achieved in these programs are sum-

marized in Table 3.2. The Jose Cabrera program consisted of irradiation -

of " spiked" rods (4 wt%) to rod average burnups up to 58000 MWO/MTU

|
[44,45]. One of the significant observations concerning extended burnup
from this program was that of increased fission gas release in the
extended burnup rods, high power rods.

4

1
'

The BR-3 program consists of irradia. tion and examination of enriched
;

I test rods (4 wt%) in the BR-3 reac tor at lead rod power levels. The

f fuel rods achieved maximum rod average burnups as high as 61500 MWD /MTU

| with maximum pellet burnups of 74000 MWD /MTU. Sipping confirmed that
i the rods were intact upon discharge from the reactor.

| '

i The relationship of the power-burnup histories of the nomal operation
| and lead rod data is shown in Figure 3.1. . The lower curve in the figure

bounds all of the power-burnup histories of Westinghouse power reactor
data. Taken as a whole, this data tends to bound normal operating con-

lditions. The curves for the Jose Cabrera and BR-3 programs represent an
envelope of the maximum power-burnup histories achieved in these pro-

grams (the envelope is not necessarily a single rod, but is typically a
combination of several rod histories). The maximum power conditions

used for design tend to fall between the normal operation envelope of
Figure 3.1, and the Jose Cabrera and BR-3 envelopes. The commercial
reactor data addresses concerns dependent on burnup and residence time. ,
The lead rod irradiations provide data on perfomance reliability at
operating conditions exceeding expected levels as well'as providing
information for modelling and licensing.

|

.
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Table 3.1

BURNUP EXPERIENCE IN EXCESS OF 36,000 MWD /MTU

IN WESTINGHOUSE COMMERCIALLY OPERATING REACTORS

| CYCLE NO. OF BATCH MAX. I-131

PLANT EXPOSURE FA AVG. BU R0D BU pCI/GM

Point Beach 2 3 37 36000 42100 - 0.004

, 4 1 43600 45,800 0.001

| 4 8 4G100 44,200

4 4 37300 42,100

4 4 36000 38,400

Point Beach 1 3 2 36400 40000 0.04

Prairie,

Island 1 3 1 36500 40900 0.0001

3 1 37700 41000 .01 5

Prairie
Island 2 4 44500 49000 0.0008

~

j

3 39 35900 42000 0.001

i Zion 1 3 60 36000 42000 0.03

3 5 36000 37500 0.03
4 4 4,6510 49300 0.0015

5 4 s55000 s'60000 0.011

.

Zion 2 3 64 36900 42700 0.01
:
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-[ Table 3.2-'

'

m

EXTENDED BURNUP EXPERIENCE
''

LEAD ROD CONDITIONS
4

i,

Number of Rods Burnup Range (MWD /MTU)

^ !/ 18 47000 - 51000
; 7

Jose:Cabrera 10 52000 - 56000

)$ 2 56000 - 58000
-

a c.
tt,-

*
+

High Burnup BR-3 Rods 9 49000 - 61500
( d4000 peak pellet)

,

d

kk

: i

<
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3.2 FUEL ROD PERFORMANCE ,

,

3.2.1 Clad Oxidation and Hydriding

3.2.1.1 Clad Oxidation

Significant corrosion data under a variety of operating conditions have
been obtained in the Saxton, Zorita, BR-3 and Trojan programs. The
Saxton, Zorita, and BR-3 programs produced data under high power condi-

tions to rod average burnups in the range of 30000 to 61500 MWD /MTU.
Irradiations under more representative power conditions were perfonned

in the Trojan and Zorita reactors. The Trojan reactor is one of the
,

j highest coolant temperature plants operating today and is, therefore,
representative of conditions in thermally efficient plants now coming on;

'

line. The data from several programs from consnercial reactors are sum-
4

marized in Figure 3.2. As shown in the figure, crud deposition has a
significant effect on corrosion behavior. For those cases where crud i

deposition was nominal (s 0.3 mils), the corrosion is observed to be
generally consistent with that expected from thermal corrosion. The ,

range of the oxide thickness shown in the figure represents the range of!

] the maximum local corrosion thickness observed as a function of burnup.
The maximum corrosion thickness observed under these conditions is ap- |

proximately [ 3+. The data base includes a (a,c) '

maximum burnup of 4 0000 MWD /MTU. This level of waterside corrosion
poses no limitation for extended burnup opers. tion. It is significant
that these data are obtained under both lead rod and typical power con-
di tions. Larger oxide thicknesses, observed in situations where higher

; than normal crud deposition occured, are also shown in Figure 3.2. This

observation was particularly true when excessive crud deposition occur -;

red in combination with high power levels. In spite of the increased
corrosion thickness for the crudded rods shown in Figure 3.2, there were-

,

I no adverse performance effects in these rods. The above experience
shows that under nominal crud conditions, cladding oxidation is low and
generally consistent with that expected from thermal predictions. Ob-

servations of increased oxidation have been related to abnormal coolant
;

;
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chemistry / crud conditions and high power operation; extended burnup or
residence time per se did not result in accelerated waterside cor-
rosion. Therefore under normal operating conditions, cladding waterside
corrosion will not limit operation below a lead rod.burnup limi , of
[ ]+ MWD /MTU. (a,c)

3.2.1.2 Clad Hydriding

!

The hydrogen uptake of Zircaloy-4 is typically low and generally lies
between 5 and 20% of theoretical during oxidation [29]. Data has been

,

accumulated from several programs from commercial reactors. Figure 3.3
shows the trend of the range of hydrogen uptake as a function of rod

t

average burnup. The maximum hydrogen uptake observed under these condi-
tions is approximately [ ]* corresponding to a burnup of 61500 (a,c)

MWD /MTU. This level of hydrogen uptake poses no limitation for extended J

burnup operation of the fuel clauding.

>

! 3.2.2 Fission Gas Release
.

* The Westinghouse fission gas release data base is composed of fuel rod
test data obtained over a broad range of burnup and power levels. Test

'

rod burnup levels range from several thousand MWD /MTU to greater than .

57000 MWD /MTU. Average linear power density ranges from 3.4 to 9.2
'

KW/FT, and peak linear power levels range from 7.3 to 18.3 XW/FT. ' Both
I pressurized and unpressurized rods are included in the data base, and

test rod fuel densities span the range of current design fuel.

Fission gas release data obtained from fuel rods taken from the Saxton
and Jose Cabrera reactors is summarized in detail in Reference 4, and a

' subset of the data base composed of data from the Jose Cabrera core is
provided in Figure 3.4. Fission gas release data in Figure 3.4 obtained
from the Jose Cabrera program for both high and nominal power fuel has
shown a distinct power dependency (fuel temperature) on fission gas
release. In addition, the observed gas release appears to vary with4

'burnup. The high power rods at approximately 30000 MWD /MTU and in the

! 35000-40000 MWD /MTU range in Figure 3.4 were operated at high powers for
'

one and two cycles respectively. The nominal power rods in the
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35000-40000 MWD /MTU range were operated for three reactor cycles at
power levels more typical of nominal reactor operation. The extended
burnup rods in the 49000-58000 MWD /MTU range were irradiated for three

cycles at high power levels.

As can be seen in Figure 3.4, the high power, 35000-40000 MWD /MTU rods

showed markedly higher release than the lower power rods with comparable
burnups. This indicates a significant dependency on fuel temperatures
with little release being observed in the normal operating range and an
increasing amount released as fuel temperatures are raised. In addi-
tion, the observed releases of the high power, extended burnup, three
cycle rods was significantly higher than the lower burnup, two cycle
high power rods even though the power levels in the second and third
cycles of irradiation were comparable to the two cycle rods. Although
all of the rods in the 49000-58000 MWD /MTU range were irradiated at
higher than nomal power levels, dependency on power history was also
observed within this group. The two rods at approximately 50000 MWD /MTU
in Figure 3.4 did not operate at a constant high power level for three
cycles as did the other three cycle high power rods but instead had a
gradually decreasing power level with time. The lower releases of these
rods shows that the high gas releases observed in the extended burnup
rods was very sensitive to the operating power level and, therefore,
fuel temperature.

The Westinghouse fission gas release model, discussed in detail in Refe-
rence 4, is based on data taken from high power rods at burnups of up to
~58000 MWD /MTU. The extended burnup effects on fission gas release

have already been included in the NRC approved Westinghouse fuel per-
formance code [4]. A comparison of measured versus predicted release
fraction as a function of burnup is provided in Figure 3.5. This figure
illustrates the good agreement between the model predictions and -
neasurements particularly fcr high power rods at extended burnup. A
comparison of measured versus predicted release fraction for nomal
power rods which are more representative of typical PWR rods at extended
burnup is provided in Figure 3.6. This figure indicates that the

;

l

|

i .

| |
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current Westinghouse fission gas release model is conservative,
predicting generally higher release fractions than measured for normal
power rods. It is concluded from these comparisons that the current
Westinghouse fission gas release model conservatively predicts release
fractions in normal power fuel rods irradiated to lead rod average burn-
up of [ ]+ MWD /MTU. (a,c)

Additional extended burnup fission gas release data is anticipated from
Zion extended burnup test rods operated through 5 cycles of irradiation
to burnup of approximately [ ]+ MWD /MTU. These rods represent (a,c)

typical extended burnup rods operated at normal PWR rod power densi-
ties. Additional, fission gas release data for extended burnup, high
power density rods operated in the BR-3 reactor to burnup in excess of
61000 MWD /MTU, and from the Jose Cabrera reactor to burnup of '58000

1t4D/MTU will also be available soon. These sources of additional data '

(discussed in Section 5.0) are expected to provide additional confirma-
tion of the existing data base.

Data presented in this section addresses the total fission gas release
including both stable and radioactive isotopes. The release function of

| the radioactive nuclides as a function of burnup is discussed in Section
2.5.3.2.

3.2.3 Fuel Rod Profilometry

Cladding profilometry data provides a measure of outward cladding defor-
mation and has been measured in extended burnup programs. The Zorita
program provided profilometry data for pressurized and non-pressurized
fuel irradiated at high and nominal power conditions to rod average
burnups of 58,000 MWD /MTU. Profilometry data was obtained after each of

the first four cycles of irradiation at Zion with maximum rod average
burnup of '49,000 MWD /MlU. A significant difference was observed in -

the profilometry behavior between the high and nominal power conditions.

|
|

- In the Zorita program, the high power rods showed uniform pellet clad-
ding contact and cladding outward deflection as shown in Figure 3.7. In
both the pressurized and non-pressurized rods, this "creepout" at E0C-3

I

I
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represented approximately 50% of the cladding diameter change at E0C-1
where creepdown was maximum. The creepout was attributed to fuel swel-

ling since calculations and rod puncture data showed the fuel rod pres-
sures were less than system pressure throughout operation. For those
rods, ridging was observed on all rods indicating pellet-clad contact.

| . The behavior of the nominal power Zorita rods and the Zion rods are
summarized in Figure 3.8. The nominal power prepressurized Zion and
Zorita rods displayed similar trends of continued creepdown with
increasing burnups although slight diameter increases were noted at some

; isolated points. Light ridging was observed on all rods and lor.alized

| pellet-cladding contact was evident. The difference in creepdown for
the pressurized rods in Figure 3.8 is attributed to differences in ini-
tial prepressure levels and core system pressure. The observation ofI

continued creepdowa indicated that no general fuel swelling occurred and
that the rod internal pressure remained below system pressure. f

i

Although minor diameter increases were. observed in the non-pressurized

! rods as shown in Figure 3.8, no major effect of fuel swelling was ob-
: served. The amount of diameter increase observed between Cycles 2 and 3

: was very small (approximately 0.03%, within measurement uncertainty) and

I was clearly less than the diameter increases observed in the high power
fuel (Figure 3.7) at the higher burnups.;

. ,

Based on the above profilometry data, no significant fuel swelling ef-
fects have been observed for rods irradiated at typical power levels.
Further, for the prepressurized rods typical of current design, con-
tinued creepdown was observed through four cycles .of tradiation (49000
MWD /MTll rod average burnup). Some local clad "creepout" was observed,

however, for the fuel operated at high power levels. This data indi-
cates that for fuel operated at power levels typical of those projected.

for extended burnup application, no significant effects from fuel swel-
ling are expected. However, higher power operation can lead to an-in- 1

crease in fuel swelling at such burnups. The combination of high power '

,

: Zorita data and the Zion data will enable this effect to be adequately
i addressed in design.
;
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! 3.2.4 Fuel Swelling and Densification
!

The Westinghouse fuel swelling and densification model is based on an

; extensive data base composed of buih measured post-irradiation fuel
density an fuel stack heigh data. Data with burnups of greater thani

53000 MWD /MTU are included in the data base and were used to develop the

Westinghouse fuel swelling and densification models. The data and model

| are discussed in detail in Reference 4 and 36.

The fuel densification process is essentially complete at current fuel

j discharge burnups. For extended burnup operation the swelling model is
of prim.ary interest. The swelling rate used in the Westinghouse fuel
perfomance code is based on both fuel density and fuel stack length
measured data is discussed in the above references. The data base upon;

# which the swelling model was developed included density data at extended
burnup (48000 MWD /MTU). This data base in considered representative of >

extended burnup operation, no mechanism has been identified which would
cause the swelling rate to change at extended burnup. A fuel swelling
rate of [ ]* 'Y/V per fission per cm was determined (a c)3'

E43based on both the density data and fuel stack length data and is
used in Westinghouse fuel performance calculations. [

].' Comparison (a,c) *

with data found in the open literature show that the swelling rate of'

[ ]+^Y/V per fission per cm is consistent with data (a,b,c)3

for ,similar type fuel .[38, 39, 40, 41]i

i

3.2.5 Clad Flattening
i

! Fuel clad flattening is evaluated using the NRC approved Westinghouse

j clad flattening model.[8] In previous generation fuel, clad flat- ;
I tening occurred following the formation of gaps in the fuel stack due to
i fuel densification. Stress induced irradiation creep of the cladding

(
I
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then resulted in collapse of the cladding into the unsupported gap re-
gion of the rod. For current generation stable fuel in prepressurized
fuel rods, no instances of clad flattening have been observed, even in
fuel irradiated through four cycles of operation in Zion Unit 1. This
is consistent with predicted clad flattening time obtained using the
Westinghouse clad flattening model. For typical current generation
fuel, predicted clad flattening time is typically in excess of 45000
effective full power hours.

The conservatism of the clad flattening model was demonstrated in Refe-
rence 8 by comparing the observed clad flattening frequency in previous ,

generation fuel with the predicted flattening frequency. In all cases,
the Westinghouse model was shown to conservatively predict flattening
with respect to the data. For current generation fuel, experience with
fuel operated through 4 cycles of irradiation has resulted in.no obser-

| vations of clad flattening, thus confiming model predictions.

.

Further confirmation of the model is anticipated following the examina-
tion of 4 Zion Unit 1 assemblies in July,1982 which.have been irradt->

; ated through 5 cycles and have schieved lead rod burnup of '[ 3+ (a,c)
MWD /MTU. No clad flattening is anticipated.

s

3.2.6 Pellet Clad Interaction
;

Westinghouse and other available PCI data has been analyzed in Reference
9 to detemine the burnup dependence of PCI for burnup up to '30000
MWD /MTU. Analysis of the available data showed that the burnup depen-

| dence of PCI susceptibility tends to saturate after approximately 15000
MWD /MTU. The critical power change ( AP) required to exceed the fail-.

ure threshold was found to decrease strongly with burnup to 15000 ''

MWD /MTU. For test rods in excess of 15000 MWD /MTU the critical power
(aP) did not change significantly.-

Additional data on PCI failure at burnup in excess of 30 GWD/MTU has
- been obtained through Westinghouse participation in the International

'

SUPER-RAMP Project. The scope of the SUPER-RAMP Project l's an experi-

j mental investigation of PCI perfomance under power ramp conditions for

:
;
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commercial type LWR test fuel rods irradiated to extended burnup. Test
rod burnups range from 29 to 45 GWD/MTU. The results of the program to

*

date for PWR fuel rods are shown in Figure 3.9. These rods were precon-

ditioned at [ ]* KW/FT prior to ramping at rates ranging from [ (b,c)
]* W/cm/ min. No evidence of increased PCI susceptibility is (b.c)

;

noted in the data in Figure 3.9. It is also observed that in many cases<

rods at extended burnup did not fail even when the failure threshold at

15000 MWD /MTU was exceeded. It is therefore concluded that the avail-
able PCI data does not indicate increased PCI susceptibility at extended

) burnup.
1

i

i 3.3 FUEL ASSEMBLY STRUCTURE PERFORMANCE i

;

1 3.3.1 Fuel Rod Fretting

; The adequacy of the current Westinghouse Inconel grid design has been
! verified through extensive operating experience which has resulted in no

observad incidents of fuel rod fretting wear. This data base includes
assemblies which have experienced four cycles of operation to an assem-
bly burnup of approximately 47000 MWD /MTU in the Zion Unit 1-extended

j burnup program. Further examination of these same assemblies, burned
for an additional cycle to an assembly burnup of approximately 55000

i MWD /itTU (with a lead rod average burnup of approximately 60000 MWD /MTU)
I will provide additional confirmation that fretting wear is not a concern

f for lead rod average burnup of [ ]* MWD /MTU in assemblies with (a c)
'

Inconel grids.

| The data base for assemblies with Zircalf.; grids is composed of data
from four 17 x 17 0FA demonstration assemblies which have completed two
cycles of irradiation. Examination of removable rods after two cycles
revealed [

]*. (b c)

-
.

|
'
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Prior to the insertion of the demonstration assemblies, a test program
was conducted on an assembly with all Zircaloy grid cells presized to

simulate operation with gaps between the cladding and grid springs.
Results of this test program were extrapolated to show that the Zircaloy

a,c)
grid assembly design was adequate through [ ]+ of this gap-

ped operation. [
-]+ of (a,c)

allowed operation with gaps based on the test program combine to demon-
strate that fuel rod fretting wear in assemblies with Zir"aloy grids
will not be a limiting concern through at least [six annual]+ cycles
of operation. This is sufficient to allow operation to lead rod average
burnup of [ ]+ MWD /MTU.

(a,c)

The Zircaloy gridded demonstration assemblies are now in their third
cycle of operation, and a fourth cycle is currently planned. It,is
expected that future examinations of these assemblies will provide ad-
ditional confinnation that fretting wear in assemblies with Ziracloy-
grids is not a concern for extended burnup.

3.3.2 Zircaloy Hydriding

Hydrogen pickup data for Zircaloy guide thimble tubes after one cycle of
operation in the Point Beach Unit 1 reactor indicates a maximum hydrogen
concentration of 83 ppm. A conservative extrapolation of this data for
an assumed residence time consistent with operation to lead rod average
burnup of [ ]* results in a value of [ ]+ (ac)
ppm, which is well within the design criteria.

Planned hot cell programs for 3 and 5 cycle fuel assembly skeletons from
the Zion Unit 1 reactor are expected to provide additional confirmation
of Zircaloy hydrogen levels for extended burnup assemblies.

1

|
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3.3.3 Fuel Rod Growth Gap

The reduction in the fuel rod-to-nozzle gap as a function of burnup
(fluence) is primarily due to the differential Zircaloy growth of the
cold worked fuel cladding and the annealed fuel assembly guide thimble
tubes. Irradiation induced creep of the guide thimble tubes also af-
fects fuel assembly growth and therefore growth gap to a lesser extent. j

'

Creep occurs as a result of the stresses in guide thimbles due to hold-
down spring forces acting to compress the guide thimbles and fuel rod j

expansion forces acting through the grid springs tending to lengthen the j

guide thfiables. The balance between these two effects changes with

burnup as grid springs relax and holddown forces change. As a result,
the creep contribution to fuel assembly growth can be either positive or
negative, and can change with residence time.

Significant extended burnup fuel rod-to-nozzle gap data are available

| through on-site examinations of Westinghouse extended burnup fuel. In
references 46 and 47, rod-to-nozzle growth gap data are provided for
Zion Unit 1 assemblies through four cycles of operation to an assembly
average burnup of 46500 MWD /MTU (lead rod average burnup of approxi-

mately 49000 MWD /MTU). The range of exposure for these data includes
21rods exposed to a fluence near 9.0 x 10 not (E<1.0 Mev). Evalua-

tion of the data shows that the rod-to-nozzle gap behavior is best fit
as a [ ]+ function of rod average fluence. (a,

The relationship of measured rod-to-nozzle gap as a function of fluence
is used in design to establish the initial rod-to-nozzle gap. Based on
the data, a probability function of rod average fluence has been deve-
loped which accounts for scatter in the data base. Since not all rods
in an assembly are exposed to the same fluence, the gap closure rela-
tionship is statistically combined with the expected distribution of rod
average fluence for an assembly with lead rod average burnup of

[ ]* MWD /MTU to determine the percent gap closure for design to (a,3
the target lead rod average burnup. The initial gap is designed to
provide an acceptble gap distribution for assemblies which have a lead
rod average burnup of [ ]+ MWD /MTU. (a,G
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1

i

a

j- Additional data from the Zion Unit 1 assemblies after five cycles of
operation will be available in August 1982. These assemblies are at
55000 MWD /MTU assembly average burnup with a lead rod average burnup of
approximately 60000 MWD /MTU. The data is expected to confirm the trends

exhioited in the existing data base.
3

* |
\

*

j 3.3.4 Fuel Rod Bow j
<

Westinghouse has carried out rod bow evaluations in numerous PIE pro-:

grams during refueling shutdowns. As a result, an extensive body of rod
bow data has been accumulated on Westinghouse fuel including 14x14,

) 15x15 and 17x17 designs [17]. In many cases repeat measurements were

j made on the sarae fuel assemblies in the same channels in order to follow

the progression of bow with increasing burnup.

i

The most comprehensive and accurate rod bow data have been obtained in
I the Zion 15x15 program, in the 17x17 demonstration assemblies in the

{ Surry reactors, and the recent Trojan program where 17x17 fuel assen-

| blies have completed up to 3 cycles with burnups up to 37,000 MWD /MTU.

| Figure 3.10 sumarizes the Westinghouse rod bow performance. The 95th '

I percentile worst span closure, a conservative bounding design parameter,
' is plotted against burnup. It is seen that in all cases the rod bow is

well below the design curve. Of greatest significance for extended
; bcrnup, rod bow did not increase significantly at the higher burnup

| 1evels. There has been no observation in any of the Westinghouse
studies of excessive increases in rod bow at extended burnups that would

invalidate the general trend seen in Figure 3.10
|

| Examination of extended burnup fuel assemblies at Zion during successive

| cycles of operation revealed that one rod was observed to have bowed to
i near contact (:90% closure) with its neighbor rods in one or two grid

spans early in life and operated in that condition for at least two
| cycles. Close examination of the bowed rod and its neighbors revealed

no adverse effects of prolonged operation in contact. There was no
,

evidence of excessive local heating or corrosion at the closure location *

.
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or of secondary effects elsewhere in the fuel rods, and leak testing
after 4 cycles of operation indicated the assemb1v to be sound. The
above data shows that rod bow is remaining relatively stable and well
below licensing criteria at extended burnup.

3.3.5 Guide Thimble Tube Wear

Westinghouse has conducted measurement programs to assess guide thimble

tube wear in 14 x 14 and in 17 x 17 fuel assemblies. The first obser-
vation of guide thimble wear was in hot cell examinations at a Point
Beach Unit 1 fuel assembly. Abnonnal wear was noted in two out of seven

,

guide tubes, with maximum wall thinning of 45% of the wall thickness.
Later, on-site measurements were performed on 49 thimbles selected from
14 x 14 assemblies irradiated in Point Beach Unit 1 and 2 reactors.
Eighteen guide tubes showed no wear, and of those with measured wear,

; the examinations revealed a maximum wear depth of 65% of the wall thick-

ness. Maximum wall thinning was noted near the top eight inches of the
guide tube, corresponding to the insertion length of the fully withdrawn
control rod. D-Loop test data on a 17 x 17 design fuel assembly showed
that maximum guide tube wear at the first bulge point was only 0.4
miles, and it was concluded that this amount of wear will not affect
fuel assembly performance even if it were to occur in all guide thim-
bles. Confirmatory qualitative assessments of guide thimble tube wear
in 17 x 17 assemblies irradiated in the Salem Unit 1 reactor were car-<

ried out on a total of six region 1 assemblies after two cycles of
irradiation. A visual examination was performed using a Westinghouse i

designed borescope and camera system, and no evidence of through-wear
holes or other excessive wear was noted.

In response to the NRC's assessment of the susceptibility and impact of
guide thimble wear in Westinghouse plants, a comprehensive quantitative
evaluation of the wear measurements on 14x14 Westinghouse fuel assem-

( blies from Point Beach Units 1 and 2 was conducted, and an analytical

guide thimble wear model was developed to predict the wear magnitude for
15x15,16x16 and 17x17 fuel designs. Based on these analyses, it was

|
,

'
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concluded that in the worst case, no perforation would occur for at
least 225 weeks of continuous fuel assembly operation under a parked
RCCA location (equivalent to 5 cycles of reactor operation) and that the

;

integrity of the guide thimble tube would be maintained during normall

operation, accident conditions, and nonoperational loading conditions

throughout the normal life time of a fuel assembly. Catails of the
guide thimble wear model development and results have been presented to

the NRC in References 18,19, and 20.

The restriction of 225 week residence time under a Rod Cluster Control
Assembly (RCCA) in the fully withdrawn position does not pose a limita-
tion on the extended burnup design of Westinghouse fuel.

:
i

i

4

4

1

!

.I

i

4

|

;
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Figure 3.2

Cladding Oxide Thickness Data As A Function Of Burnuo
(From Connercial Reactors)
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Fiqure 3.3

Cladding Hydrogen Pickup Data As A Function Of Burnup
(from Commercial Reactors)
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Figure 3.4
Jose Cabrera Fission Gas Release Data
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Figure 3.6

MEASURED VS. PREDICTED FISSION GAS RELEASE

LOW TEMPERATURE RODS
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Ffgure 3.9

SUN 4ARY OF POWER RAMP TEST DATA
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!
4.0 CURRENT AND PLANNED EXPERIMENTAL PROGRAMS

!

i 4.1 INTRODUCTION

!.
j Westinghouse extended burnup demonstration programs have been in effect

| for several years and have included both commercial reactor experience
and extended burnup test rod experience. The results from these sea-

j surement programs, discussed in Section 3, form the basis for the
j Westinghouse extended burnup design methodology and models which have

| been presented herein.
!

{ Currently Westinghouse is involved in several ongoing experimental pro-

! grams, including Joint Industry programs as well as Westinghouse com-

}
4

mercial and test rod programs, to further broaden the extended burnup

j data base. It is anticipated that data from the current and future
i programs discussed in this section will result in the identification of ,

i ,

! additional design margin, and will therefore be used to support future

| model and methodology improvements.

I
t

4.2 WESTINGHOUSE DEMONSTRATION PROGRAM

!

} Westinghouse is currently conducting several extended burnup desur-
,

i stration programs with DOE and the electric utility industry. Current
| programs in progress include irradiaton and testing of 15x15 assemblies
! to extended burnups Q4 cycles) in the Zion Unit I reactor, irradia-
! tion and testing of 9 high power test rods in the BR-3 test reactor, and

1 additional testing of extended burnup fuel rods previously irradiated in

| the Jose Cabreara reactor. The current status and future scope of each'

| of these programs will be discussed in detail.
1 -

; In the Zion extended burnup demonstration program, four 15x15 assemblies
l have been irradiated through five cycles of operation and have achieved
j '55000 MWD /MTU assembly average burnup, corresponding to a lead rod

} burnup of '60000 MWD /MTU. These assemblies have been discharged from

} the core and are scheduled for leak testing and onsite non-destructive
j examinations in August,1982.
'

|

!
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!

,

On site examinations will provide extended burnup data on fuel rod and
fuel assembly growth, rod bow, grid spring relaxation, fuel rod pro-

! filometry, and fuel stack length. The overall integrity of the extended

{ burnup fuel assemblies will be assessed using high and low magnification
TV visual examinations.

:

|

| In addition to the onsite inspection at Zion, a two phase hot cell pro-
I gram is planned. In Phase I, a highly precharacterized 3 cycle assembly

| will be examined in the hot cell. In the second phase of the hot cell

| program, a five cycle, precharacterized, removeable rod assembly with

] '53000 MWD /MTU burnup will be examined. The aspects of fuel per-
'

! fomance to be addressed in this program include:
1) Fuel structural changes

,.

) 2) Fuel swelling and fission gas release I

I 3) Clad corrosion and hydriding

i 4) Corrosion and hydriding in guide thimble tubes

j 5) Guide thimble tube wear
i

It is anticipated that the data obtained from these examinations will

[ identify margin in performance models, particularly in the area of fis-
| sion gas release where it is expected that the Zion data for normal

| power rods at extended burnup will verify the conservatism of the

j Westinghouse fission gas release model which is based on extended burn-

| up, high power gas release data.
I
l .

j In the BR-3 irradiation program, nine highly characterized 15x15 fuel
i rods were irradiated at lead rod power conditions to rod ' average'burnups

in excess of 60000 MWD /MTU, with peak pellet burnup exceeding 77fW

j MWD /MTU. These rods were examined on site, and after being confirmed to

j. be leak tight ,,ere shipped to the CEN hot cell according to a joint

| DOE / Westinghouse /SCK-CEN contract. Hot cell examinations were performed -

| in 1981 and early 1982 with the primary focus of; the examinations being
the collection of fission gas release and waterside Torrosion data. *

I e :
'

=
,

,
.

i
'

,

! :

i
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.

Fuel rod profilometry and gamma scan data were also obtained. Evalua-

tion of the data will be performed during the remainder of 1982, and it
is expected that the data will confirm the adequacy of the current data
bases in these areas.

In a third hot cell program, ten spiked enrichment extended burnup Jose
Cabrera fuel rods (approximately 50000 MWD /MTU) are being examined in

1982 at the Windscale hot cell facility. Additional fission gas release
and clad waterside corrosion data will be obtained from these rods.

,

4.3 JOINT INDUSTRY PROGRAM

Several cooperative industry programs are currently in progress which
are addressing specific areas of concern for increased burnup opera-
tion. These programs include the International SUPER-RAMP Project, the

Battelle High Burnup Effects Program, and the TRIBULATION program.
These programs will provide data in the areas of burnup dependence of
~PCI, extended burnup fission gas release, and the effects of transients,

on subsequent extended burnup operation.

The International SUPER-RAMP Project is a cooperative industry program
;

designed to study the effects of increased burnup (>30000 MWD /MTU) on

the PCI threshold of LWR fuel rods. Both PWR and BWR fuel rods are4

tested in the program. PWR fuel rods which were ramp tested included
standard Westinghouse fuel rods. The ramp testing was performed during
1981 and early 1982, and data analysts is continuing throughout 1982.
Results from the project confirm that PCI failure susceptibility is not
increased with extended burnups.-

The Battelle High Burnup Effects Program is a jointly sponsored inter-
national program with the purpose of investigating extended burnup ef-
fects in Zircaloy clad UO LWR fuel. The program is divided into

2
three major tasks as follows:

Task 1 - Evaluation of existing data (complete)
Task 2 - Fission gas sampling of existing rods (in progress)
Task 3 - Parameter effects study.

1968X:6 64
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Under the second task, fission gas sampling and other PIE work will be'

performed on 45 rods with burnups ranging from 20000 to 52000 MWD /MTU.
These data will supplement existing Westinghouse fission gas release

data at extended burnup.

Task 3 is designed to provide well characterized data on the effects of
fuel' temperature, burnup, power history, and different fuel characterts-
tics on fission product behavior. Forty rods, designed for this task,'

will be irradicated in the BR-3 reactor with specified power histories, i

Rod burnups will range from 31000 to 73000 MWD /MTU. Following irradia-
tion, fission gas saepling and other PIE work will be performed on these
rods. It is anticipated that Task 3 will provide well characterized
data for the cavelopnent of an extended burnup fission gas release cor-
relation with reduced conservatisms.

The TRIBULATION program is a jointly sponsored international program
with the purpose of establishing the effects of a Condition II overpower
transiint on the subsequent normal operation performance of PWR fuel .
Thisiwill be done by comparing the performance of fuel which has been
ramped to fuel which has not been ramped. Power ramps will occur at
approx'imately 30000 MWD /MTU burnup, and subsequent burnups will be ap-

proximately 60000 MWD /MTU. Following irradiation, both destructive and
~

non-destructive testing will be performed.
.

I

.

6
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5.0 CONCLUSIONS,

The following conclusions have been reached on the basis of information
presented in this report:

1) Westinghouse is designing a lead rod average burnup of [ 3+ (a.c)
MWD /MTU. No fuel performance limitations have been identified
which would preclude the fuel Westinghouse design from operating,

'''to lead rod burnups of [ ]+ MWD /MTU.

2) Current design and safety evaluation criteria are applicable for

; design to lead rod average burnup of [ ]+ MWD /MTU, there-
(a c) f' fore no modification to the current criteria is required. L

3) The effects of increased region average discharge burnup on core,

physics parameters are typically evaluated each cycle according
to approved methodology. No modifications are required in the
current evaluation methodology for design to lead rod average
burnup of [ ]+ MWD /MTU. (a c)

4) The effects of the extended burnup to lead rod burnup of,

[ ]+ MWD /MTU on radiological doses have been evaluated. It (a.c)
is concluded that the effects of extended burnup are not ifmiting.

) 5) The Westinghouse fuel performance data base is comprehensive. It

includes data from both commercial and test reactor fuel which
j has operated to lead rod burnups in excess of [ ]* MWD /MTU, (a.c)
'

and includes both high power rods and rods operated at normal
commercial PWR power levels. It is concluded that the current
data base sufficiently bounds expected extended burnup operation
to assure that.the efforts of.such operation have been adequately
assessed.

6) Current Westinghouse fuel performance models are based on data

j which include extended burnup fuel and have been shown to con-

servatively model the parameters of concern for extended burnup,

I operation. It is therefore concluded that these models are ade--
| quate design tools which can be used to assure that all fuel

design criteria are met in fuel designed to operate to lead rod
average burnups to [ .]+ MWD /MTU. (a.c)

1968X:6
66

'

.- - . -- . - . - . - . - . . . .J



7) Current Westinghouse design and safety evaluation methodologies

address all of the areas affected by extended burnup operation,
and therefore no modifications or additions are required to jus-
tify design to extended burnup.

8) Additional data to be obtained from the on-going cxtended burnup

experimental programs discussed in Section 4 are expected to
identify additional conservatism in Westinghouse perfonnance
models and thus identify additional margin in extended burnup
design.

l

All of the data provided in this report support the overall conclusion |
!

; that Westinghouse design and safety evaluation criteria and methodology
adequately address all pertinent areas of concern for design to a lead
rod burnup of [ ]* MWD /MTU, and that the current Westinghouse data (a.c)
base at extended burnup is sufficient to confirm that extended burnup
effects are adequately treated in current Westinghouse perfonaance
models. Westinghouse fuel can achieve a lead rod average burnup of

[ ]+ MWD /MTU and fuel is currently being designed to this target (a.c)
burnup.

.

.

1968X:6 67

, _ _



_ _ _ _ . _ _ __ _ - - _ _ _ . _ _ _ ._. __

:
,

;

6.0 REFERENCES
,

i

<

(1] Jones, R. G., Iorii, J. A., " Operational Experience with Westinghouse
.

Cores," WCAP-8183, Revision 11. May 1982 (Non-Proprietary).
,

[2] Letter from L. S. Rubenstein (NRC) to T. M. Anderson (Westinghouse);
Subject: Request for Extended Burnup Topical Report, June 2, 1981.

[3] S. B. Dalgaard, "Long Term Corrosion and Hydriding of Zircaloy-4 Fuel

| Clad in Cour.orcial Pressurized Water Reactors with Forced Convective Heat

| Transfer," Electrochemical Society Meeting, Wash., D.C., May 2-7, 1976.
;

i [4] J. V. Miller (Editor), " Improved Analytical Models Used in Westinghouse
! Fuel Rod Design Computations," WCAO-8720, October, 1976 (Proprietary) and

WCAP-8785, October, 1976 (Non-Proprietary).

[5] D. H. Risher (Editor), " Safety Analysis for the Revised Fuel Rod Internal
Pressure Design Basis," WCAP-8963-P-A, August, 1976 (Proprietary)
WCAP-8964-A, August,1978(Non-Proprietary),

j [6] 0'Donnell, W. J. and Langer, B. F., " Fatigue Design Basis for Zircaloy I

{ Components," Nuclear Science and Engineering, 20, 1-12, 196 . ;

i

(7] Davidson, S. L. and lorii, J. A., " Reference Core Report 17x17 Optimized
Fuel' Assembly," WCAP-9500-A, May, 1982.

[8] George, R. A., Lee, Y. C., Eng, G. H., "Reviseo Clad Flattening Model,"
WCAP-8377, July 1974 (Proprietary) and WCAP-8381, July, 1974

,

,

(Non-Proprietary).
*

\
4

[9] Mcdonald, S. G., et. al., "A Statistical Analysis of Pellet Clad
Interaction Failures in Water Reactor Fuel," Paper presented at IAEA
Specialists Meeting on Pellet Clad Interaction in Water Reactors, RISO,
Denmark, September 22-26, 1980.

:

421 ELM 13ee

[ 68
|

.- . ._ _ ___ . _ _ _ . . . . ~ . . , , . _ _ _ . _ _ . . . . - . - _.- - _ . . _.



. .

[10] Y. Mishima and T. Okubo, "Effect of Thernal Cycling on the
Hydride Stress Orientation and Circumferential Ducitility in
Zircaloy-2," Canadian Metallurgical Quarterly, Vol.11, No.1,
1972.

[11] D. Hardie, "The Influence of the Matrix on the Hydrogen Embrit-
t1ement Of Zirconium in Bend Tests," Journal of Nuc. Matis., 42,

(1972).

[12] G.D. Fearnehough and A. Cowan, "The Effect of Hydrogen and Strain
;

Rate on the Ductile-Brittle Behavior or Zircaloy," Journal of
Nuclear Materials, 22,(1967).

[13] C.R. Woods (editor), " Properties of Zircaloy-4 Tubing,"
WAPS-TM-585, Dec.1966.

[14] B. Watkins, A. Cowan, G.W. Parry, and B.W. Pickles, "Embrittle-
ment of Zircaloy-2 Pressure Tubes," Paper from ASTM STP 458,

1969, pp.141-159.

[15] K.P. Steward, "The Properties of Cold-Worked Zr-2.5 wt% Nb Fuel4

Sheathing," AECL Report CR-Met-1226, Nov.1965.

[16] A.L. Lowe, Jr., C.R. Johnson, " Corrosion and Hydriding of Zir-
caloy," Task 2 Final Report, EURAEC-1954, March,1968.

[17] J. Skaritka (editor), " Fuel Rod Bow Evaluation," WCAP-8691,' Revi-
sion 1, July,1979 (Proprietary) and WCAP-8692, Revision 1, duly,
1979 (Non-Proprietary). .

i

[18] Letter from T.M. Anderson, Westinghouse, to D.G. Eisenhut, NRC,
NS-TMA-1936, Septeniber 12, 1978.

;

I

1968X:6 69

- _ _ _ _ _ _ _ _ _ _ _ _ . _ . . . _ _ _ . _ _ . _ _ __ _ _



_ . _ __

,y

.

[19] Letter from T.M. Anderson, Westinghouse, to D.G. Eisenhut, NRC,
NS-TMA-1992, December 15, 1978.

[20] Letter from T.M. Anderson, Westinghouse, to D.G. Eisenhut, NRC,
NS-TMA-2102, June 27,1979.'

.

[21] Bordelon, F.M., et. al., " Westinghouse Reload Safety Evaluation
Methodology," WCAP-9272(P), March 1978 (Proprietary) and
WCAP-9273, March,1978 (Non-Proprietary). .

[22] " Reference Safety Analysis Report - RESAR-3S," Westinghouse Elec-
tric Corporation, July,1975.

[23] C. Eiche1dinger, (W)1etter to J.F. Stolz (USNRC), Response To NRC
Questions On UCAP-8963 " May 18,1977.

[24] Nuclear Safety, NTD, Topical Report, " Westinghouse ECCS Evalua-

tion Model,1981 Version," Westinghouse Report WCAP-9220-P-A,
February 1982 (Proprietar;) and WCAP-9221-A, February,1982

(Non-Proprietary).

[25] C. Eiche1dinger, " Westinghouse ECCS Evaluation Model - October

1975 Version," WCAP-8622, November,1975 (Proprietary) and
WCAP-8623, Nobember,1975 (Non-Proprietary).

[26] C. Eiche1dinger, (W) letter to D.B. Vassallo, (USNRC), letter
#NS-CE-115, August 13, 1976.

[27] F.M. Bordelon, et. a1., "The Westinghouse ECCS Evaluation Model:

Supplementary Information," WCAP-8471-P-A, April 1976 (Pro- -

prietary) and WCAP-8623, Nobember,1975 (Non-Proprietary).

[28] Malinowski, D. D., et. al., " Radiological Consequences of a Fuel
Handling Accident," WCAP - 7828, Deceraber,1971 (Non-Pro-

prietary).

[29] Stehle, H., Kuden, W., and Manzels, R., " External Corrosion of
Cladding in PWRs,'" Nuclear Eng. and Design, 33,1975, pp.155-169.-

|
1968X:6 -70

' -
. _ _ _ _ _ -.. . . . - ._ _ _ . -



- . . -- . -. - . . - .

[30] Bell, M. J., "Origen - The ORNL Isotope Generation and Depletion
; Code; ORNL 4628, May,1973.

[31] Risher, D. H. Jr., "An Evaluation of the Rod Ejection Accident in
! Westinghouse Pressurized Water Reactors Using Spatial Kinetics

Methods", WCAP-7588, Revision 1 A, January 1975 (Non-Proprietary).

[32] Burnett, T. W. T., McIntyre, C. J., Buker J. C. and Rose, R. P.,

"LOFTRAN Code Description", WCAP-7907, June 1972 (Non-Pro-
;

I prietary).

!
[33] Hunin, C., "FACTRAN, a Fortran IV Code for Thermal Transients in

a U0 Fuel Rod", WCAP-7908, June 1972 (Non-Proprietary).
2

[34] Risher, D. H., Jr. and Barry, R. F., " TWINKLE - A Multi-Dimen-

sional Neutron Kinetics Computer Code", WCAP-7979-A, January 1975

(Proprietary) and WCAP-8028-A, January 1975 (Non-Proprietary).
3

.

| [35] C. E. Hochreiter, H. Chelemer, and P. T. Chu, "THINC-IV An Im-

| proved Program for Thermal-Hydraulic Analysis of Rod Bundle

! Cores", WCAP-7956, June 1973 (Non-Proprietary).
:

[36] Hellman, J.M. (Ed), " Fuel Densification Experimental Results and
Model for Reactor Application," WCAP-8218-P-A, March,1975, (Pro-
prietary) and WCAP-8219-A, March,1975 (Non-Proprietary).

[37] Anself, F., "The Role of Fission Products in the Swelling of

| Irradiated UO and (U, Pu) 0 Fuel," GEAP-5583, January,1969.
2 2

[38] Assmann, H. and Manzel, R. "The Matrix Swelling Rate of UO '"2
J. Nucl. Mat., 63, (1977) 360-64.-

|

! [39] Stehle, H. et al., "KWU Experience and Analysis of LWR Fuel With
Respect to High Burnup," ANS Topical Meeting on LWR Extended

Burnup - Fuel Performance and Utilization, April 4-8, 1982,
Williamsburg, Virginia.

1968X:6 g.

.



- . _ _ _ _ .
. . - - . _ _ _

[40] Pati, S.R. and Fuhrman, N., "Densification, Swelling, and Micro-
structures of LWR Fuels Through Extended Burnup," ANS Topical

Meeting on LWR Extended Burnup - Fuel Perfomance and

Utilization, April 4-8, 1982, Williamsburg, Virginia.

[41] Bouet, M., Atabek, R., Houdaille, B. and Baron, D., " French

Analytical Experience on High Burnup Performance of PWR Fuel
Elements Under Steady State Conditions," ANS Topical Meeting on
LWR Extended Burnup - Fuel Performance and Utilization, April

4-8, 1982, Williamsburg, Virginia.

[42] Letter form L.A. Rubenstein, NRC to H.G. Parris, TVA, Docket Nos.
;

'

50-327/326, December 11, 1979.

i

[43] NRC Internal Memo from R.O. Meyer, Reactor Fuels Section CPB/ DSS

to K. Kneil Core Perfomance Branch DDS, February, 19, 1980.
,

[44] Roberts, E. , Bal four, M. , Hopkins, G. , Smalley, W. , " Fuel Model-
: ling and Performance of High Burnup Fuel Rods," Proceedings of

ANS Topical Meeting on Light Water Reactor Fuel Perfomance, St.

j Charles, Illinois, May 9-11,1977, p.133.

}

[45] Leech, W. J., and Kaiser, R. S. ''The Effects of Fission Gas
Release on PWR Fuel Rod Design and Performance," Paper presented

to IAEA Specialists Meeting on Water Reactor Fuel Element Per-

formance Computer Modelling, Blackpool, U.K., March 16-21, 1980.

[46] Crain, H. H., et. al., " Zion Unit 1, Cycle 3 Fuel Perfemance,"
WCAP-9533, September,1979, (Non-Proprietary).

[47] Melehan, J. B. et a., " Zion Unit 2 Cycle 4 Fuel Perfonnance,"

; WCAP-9845, March,1981, (Non-Proprietary).
.
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SECTION E

NRC LETTER FROM C. O. THOMAS,

REQUEST NUMBER 1

FOR ADDITIONAL INFORMATION ON

WCAP-10125(P)- .
-

,

DATED, MARCH 31, 1983

TO WESTINGHOUSE, E. P. RAHE

l

|
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UNITED STATES

. ,7' "; NUCLEAR REGULATORY COMMISSION[ '*,,,Q , j WASMINGTON, D. C. 20555; ,

S,

'% . .. .I #.
, . - .

MAR 31 M3

Mr. R. P. Rahe, Manager .

Nuclear Technolog Division
Westinghouse Electric Corporation
P. O. Box 355 !

'

Pittsburgn, Pennsylvania 15230

Dear Mr. Rahe:

Subject: Request Number i for Additional Information on WCAP-10125(P)

i We are currently reviewing the Westinghouse Licensing Topical Report
WCAP-10125(P) entitled " Extended-Burnup Evaluation of' Westinghouse
Fuel".

The initial review neveals the need for the additional information
indicated in the enclosure. In order to complete this review within
the current scheduled time, responses to all questions should be
received by NRC by May 23, 1983. Please advise D. H. Moran on
301-492-9777 if this date is unacceptable.

'

Sincerely,
,

of 8 0 rry
'

Cecil 0. Thomas, Chief
Standardization & Special

Projects Branch
Division of Licensing

Enclosure:
As stated

*
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'O se ,

'
ENCLOSURE- --

,7

FEB ' 71983 i

Request for A6ditional Infomation
For Extended Bumup Fuel Operation

,

!
1

The subjects to be covered in topical reports covering extended burnup i
were discussed at a series of meetings with all the fuel. vendors which
took place in early 1981 and were further discussed in a letter to each'

fuel vendor dated June 2,1981.
.

The Accident Evaluation Branch (AEB) has concluded from its review so
far that the subject of radiological consequences of accidents requires -

reiteration of the depth of coverage expected in the topical reports.

For each reload application involving extended burnups. AEB would review
the effects of factors that are normally considered burnup-related and
of other factor; (e.g., peaking factors) caused by the extended burnup ,

on all Standard Review Plan, Chapter 15 accidents. The following fac-
tors would be reviewed ar.d. therefore, should be covered in the topical
reports:

a. The methods by which the limiting rod (or rods) are to be deter- .

mined, considering the fraction of the rods' inventory in the
pellet-clad gap and peak linear heat generation rate. There must
be provision for suitable conservatism in one or both factors,
consistent with the uual practice for safety analyses. Documenta-
tion should be pmvided for any codes that are used. The
equations used to detemine the " gap fraction" of volatile radio-
nuclides in failed rods should also be provided.*

b. Justification, based on design of the plants, the plants' operating'
procedures, or other factors, for the continued use of noble gases

'

and iodines as surrogates for the full range of fission products
that are produced, considering the changes in the total inventory
and mix of radioisotopes in the fuel resulting from extended
burnup compared to design basis. accidents involving TID 14844
assumptions. If continued use is not justified, provide descrip-
tion; of methods to be used to consider the full range of fission
products in ' safety analyses,

c. A description of the calculation of decontamination factors for the
fuel handling accidents (inside and outside of containment) consid-
ering the potential for increased pressure in the fuel rods should
be provided.

.
,

d. A justification for the iodine spiking behavior modelled in acci- ;
dents such as the steam generator tube rupture accident considering ,

the " gap fraction," internal rod pressures, linear heat generation :

rates, and other factors should be provided. Alternatively, justi-
fication for the continued use of the model described in SRP
Section 15.6.3 may be provided. -

. .

. o

-
,

|
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SECTION F

WESTINGHOUSE LETTER FROM E. P. RAHE,
;

i
RES?ONSE TO REQUEST FOR ADDITIONAL INFORMATION ON

" EXTENDED BURNUP EVALUATION OF WESTINGHOUSE FUEL,"

; WCAP-10125,(PROPRIETARY),NS-EPR-2803,

DATED AUGUST 3, 1983

TO NRC, C. O. THOMAS

(RESPONSE TO NRC REQUEST NUMBER 1)

f

f

|

|
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Westinghouse Water Reactor Nceaf TechfdCgyDmsan
Electric Corporation Olvisions a

Pin 30urghPennsytvania 15230

August 3, 1983

NS-EPR-2803
~ |

Dr. ' Cecil 0. Thomas, Chief I

Special Projects Branch
Division of Project Management
U.S. Nuclear Regulatory Comission -

Phillips Building
7920 Norfolk Avenue
Bethesda, Maryland 20014

.

SUBJECT: Response to Request for Additional Infonnation on " Extended
: Burnup Evaluation of Westinghouse Fuel," WCAP-10125, (Proprietary)

:

Dear Dr. Thomas: i

Enclosed are:

Twenty-five (25) copies of the Westinghouse response to your request for additional
infonnation (dated 3/31/83) on " Extended Burnup Evaluation of Westinghouse Fuel,"
WCAP-10125 (Proprietary). -

Also enclosed are:

One (1) copy of Application for Withholding (Non-Proprietary).4

One (1) copy of original Affidavit (Non-Proprietary).

As stated in your letter, the attached additional information is needed to
complete the NRC's review of this topical report.

This submittal contains proprietary inforna' tion of Westinghouse Electric
Corporation. In confonnance with the requirements of 10CFR2.790, as arrended,-
of the Comission's regulations, we are enclosing with this submittal an -

application for withholding from public disclosure and an affidavit. The
affidavit sets forth the basis on which the infonnation may be withheld from
public disclosure by the Comission.4

Correspondence with respect to the affidavit or the application for withholding
should reference AW-83-64 and should be addressed to R. A. Wiesemann, Manager
of Regulatory and Legislative Affairs, Westinghouse Electric Corporation,
P.O. Box 355, Pittsburgh, Pennsylvania 15230.

Very truly yours, -

"

_

- 9AW . '
E. P. Rahe, J Manager -
Nuclear Safety partment

,

"

JnM/kk
Enclosures

|
- . .-- _ - - , _ - . - - . . .- n .-



. _ _ __. _. _ _ . . . __ _ _ _ _. _ _ ._ _

ATTAQDENT

RESPONSE TO EQUEST FOR ADDITIONAL INFORMATION CN WCAP-10125
..

OUE3TIONS
,

For each reland applisation involving extended burnups, AEB would review the
effects of factors tnat are normally considered burnup-related and of other
factors (e.6., peaking factors) caused by the extended bunsup on all Standard
Review Plan, Chapter 15 accidents. 1he following factors would be reviewed and,
therefore, should be covered in the topical reports:'

Question n. The methods by whict the limiting rod (or reds) are to be
determined, considering the fraction of the rods' inventory in
the pellet-clad gap and pealc linear heat generation rate. There

i must be provisiorr frr suitable conservatian in one or both
factors, consistent with the usual practice for safety analyses.

,

Doctmentation should F i provided for any codes that are used.
The equations used to atersine the agap fraction" of volatile

,

radionuclides in failed rods should also be provided.

;

Resocnse

The limiting rod, from an accident evaluation ?-tint, would be the one

containing the greatest inventory of volatile and gaseous radionuclides in the
rod gap and thus available for release in the event the cladding is bresched.

In order to provide suitably conservative results the Westia&= fuel

| performance code (PAD)* was run ===4ag a worst case lead rod (one that
'

maximizes gas release) for the plant with the highest core average linear heat
generation rate (6.70 ku/ft). The tud temperature versus burnup history
cbtained from the Westinghouse fuel performance code was input to the ANS 5.4
Standard Fission Product Release Model to determine the gap release fractions

.

1 .

.
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for the noble gases and iodines as a function of burnup. The peak values
calculated for the gap release fractions are listed in Table 2.3 of WCAP-10125.

With the exception of Kr-85, these peak gap release fractions are significantly
smaller than the value of 0.1 given in Regulatory Guide 1.25. For Kr-85 the

,

peak gap release fraction, while close to the value of 0.3 given in Regulatory
Guide 1.25, is maller at[ ]! For accident evaluations, the values of gap (a,c)

|
release fractions are taken to be as specified.in the Regulatory Guide thus
providing additional conservatism. -

1

It is noted that there are times when the linear heat generation rate for a red

i may exceed the power production levels discussed above. However, these would be
transient in nature and would not have sufficient impact to cause gap release
fractions to exceed.the values specified in Regulatory Guide 1.25.

.

J. V Miller (Editor), " Improved Analytical Mode'.s Used in Westinghouse*

Fuel Rod Design h*mtions," WCAP-8720, October,1976 (Proprietary) and
WCAP-8785, October,1976 (Non-Proprietary).

Justification, based on design of the plants, tae'N. ants'onanti m b.

operating procedures, or other factors, for the coct;inued use of
noble gases and iodines as surrogates for the full range of

|

|
fission products that are produced, considering the changes in
the total inventory and six of radioisctopes in the fuel'

resulting frca extended burTaup compared to design basis accidents
i

involving TID 14844- assumpt; ions. If continued use is not
justified, provide descriptions of methods to be used to consider
the full range of fission products in at.g Wyses. -

.

Rasm nsa
.

The consideration of noble gases and iodine as the airborne radioactive ,

releases, 'is owed' to the fact they are gaseous (zenon and krypton) or volatile
(iodine) and thus readily transported through the atmospheric pathway. The

- .

2'

.

.
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remaining radionuclides are neither gaseous nor volatile or, if they are, are
not significant in inventory and/or radiological effects when compared with the
noble gases and iodines. _

Extended burnup of fuel does not change types of fission products generated but
does result in some changes in the reactor core inventory of fission products.
As indicated in Table 2.2 of WCAP-10125, the inventory of a particular fission
product does not necessarily increase, and in many cases actually decreases,
with extended fuel burnup.

.

l

Questien c. A description of the calculation of decontamination factors for
the fuel handling accidents (inside ad outside of contairznent)
considering the potential for increased pressure in the fuel rods
should be provided.

8

Resoonse

The method used to calculate the pool decontamination factor (DF) for iodine in
the instance of a postulated fuel handling accident is to extrapolate the test
data in Table 3-5 of WCAP-7828, obtaining values for average bubble diameter and
bubble rise time for gas stored at[ ]+psig (the fuel pin internal pressure (a,c)

(a,c)
based on a burnup of[ ]M/MrU). These extrapolated values are then
inserted into equation 3-3 of WCAP-7828 which is solved for DF.

.

Question d. A justification for the iodine spiking behavior modeled in
accidents such as the staan generator tube rupture accident
considering the " gap fraction." internal rod pressures, linear
heat generation rates, and other factors should be provided.

,

. Alternatively, justification for the continued use of the model' -

described in SRP Section 15.6.3 may be provided.

.

.

.
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;
i

;
.

Resterse

The gap fractions for iodines and the linear heat generation rates are reduced
with extended fuel burnup beycnd 33,000 WD/Mru. The effects of these burnup
induced changes on iodine spiking are discussed in Section 2.5.3 of WCAP-10128.

.

While fuel pin internal pressures do increase with extended burnup, this does
,

not influence the iodine spiking phenomenon. Pressure buildup only occurs in
fuel pins containing no cladding defects and these pins do not contribute to the
iodine spike.

,

9
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SECTION G
1

i
1 NRC LETTER FROM C.'O. THOMAS,
1

; REQUEST NO. TWO FOR
4

; ADDITIONAL INFORMATION ON WCAP-10125(P),

| DATED FEBRUARY 1, 1984

| TO WESTINGHOUSE, E. P. RAHE
:

1

!

1

!
t

i.

4222L 0-851210

- _

s' *- =~ # W e P- W 7 y' *W t 3 V y 4 +-- -Y ~ $ -11-"---r M--t**"M T E -W yW3-'TMM- T 'T"M 4T'



|
#
f [o,, UNITED STATES

5 M'"_e.,
.II NUCLEAR REGULATORY COMMISSION 1

e n

WASHINGTON, D. C. 20555

*'
FEB 1 1984

Mr. E. P. Rahe, Managar
Nuclear Technology Division
Westinghouse Electric Corporation
P. O. Box 355
Pittsburgh, Pennsylvania 15230

Dear Mr. Rahe:

Subject: Request Number Two for Additional Infonnation on WCAP-10125(P)

We are currently reviewing the Westinghouse Licensing Topical Report entitled
" Extended-Burnup Evaluation of Westinghouse Fuel."

The initial review reveals the need for the additional information indicated
in the enclosure. In order to complete these reviews within the currently
scheduled time, responses to all questions should be received by NRC by
February 24, 1984.. PleaseadviseD.H.Moranat(301)492-9784 ff you are
unable to meet this date.

Sincerely,

0E1 Q. wY:::22 :
Cecil 0. Thomas, Chief
Standardization & Special

Projects Branch
Division of Licensing

Enclosure:
As stated

.

.-
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.

QUESTIONS-

WESTINGHOUSE HIGH BURNUP TOPICAL REPORT WCAP-10125

1. Several programs presented in WCAP-10125 were projected at later
dates to provided additional data at extended burnups. Please
provide those data in 'the areas of cladding corrosion, crud thick-
ness, fission gas release, fuel swelling, rod bow, fretting wear,
pellet-cladding interaction, axial fuel gaps, grid growth, fuel rod
and assembly growth, and guide tube wear obtained since the publi-
cation of the subject document, i.e., during calendar years 1982
and 1983, that are applicable to Westinghouse (W) fuel. Because
many of the above phenomena are design dependent, please identify
the design to which the data apply. Also, these phenomena can be
divided into categories of local fuel behavior (e.g., gas release),
fuel rod (e.g., rod bow) and assembly (e.g., assembly growth)
12 pendent phenomena; consequently, each data set from these cate-
gories should be referred to in terms of local peak burnup, rod '

i average burnup, and assembly average burnup, respectively.
!

'

2. The burnout of extended burnup fuel results in lower attainable
peak linear heat ratings at these extended burnups. Has a burnup
dependent linear heat rating been assumed in the safety analysis of i

extended burnup fuel and, if so, how is the burnup dependency
incorporated into plant operating limits for this fuel? Also, how,

are power histories derived for calculated end-of-life internal rod'

i pressures?

! 3. No analysis is given of the radiological impact of extended burnup
on the rod ejection accident. What effect does extended burnup
have on the radiological impact of the rod ejection accident?
Because some of the radioactive isotopes calculated to be released
in the fuel handling accident have gone up and others stayed the-

: same with extended burnup, it is not clear that the fuel handling
i accident *vith extended burnup fuel is bounded by the standard
i analysis. What effect does extended burnup have on the radiological
1 impact of the fuel handling accident?

, 4. What fraction of the rod-to-nozzle gap is expected to remain for
the lead burnup rod at extended burnups? How does this compare to
the standard deviation of the data?

, 5. The analyses for transient clad strain, using an earlier version of
! W fuel performance code (Ref.1) has indicated that conditions are

most limiting during the second cycle of operation and that cladding
strains are maintained below 1 percent. Is the second cycle of,

operation still limiting and less than 1 percent for cladding
strain using the revised PAD code with NRC restrictions on com-
pressive and tensile creep (Refs. 2 and 3)?

,

e

|
* - ;.
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References: .
,

1. J. V. Miller (Editor), " Improved Analytical Models Used in Westinghouse
Fuel Rod Design Computations," WCAP-8720, October 1976 (Proprietary)
and WCAP-8785, October,1976 (Non-Proprietary).

2. Letter from J. F. Stolz (NRC) to T. M. Anderson (W) dated February 9,1979.
_

3. Letter from H. Bernard (NRC) to E. P. Rahe (_9) dated July 20, 1982,
" Acceptance for Referencing of Licensing Topical Report WCAP 8720- ,

Addendum 1."

-
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SECTION H

WESTINGHOUSE LETTER FROM E. P. RAHE,

RESPONSE TO REQUEST NUMBER 2 FOR

ADDITIONAL INFORMATION ON WCAP-10125,
'

" EXTENDED BURNUP EVALUATION OF WESTINGHOUSE FUEL"

(PROPRIETARY),NS-EPR-2917,

DATED JUNE 11, 1984

,

TO NRC, C. O. THOMAS
,

I
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Westinghouse Water Reactor wm
""*'8 A"'**' "Electric Corporation Divisions

NS-EPR-2917

June n , 1984

Dr. Cecil 0. Themas, Chief
Standardization and Special' Projects Branch
U.S. Nuclear Regulatory Comission
Washington, D.C. 20555

Subject: Response to Request Nunber 2 for Additional Information on
WCAP-10125, " Extended Burnup Evaluation of Westin6 house Fuel"
(Proprietary)

Ref.: Letter dated February 1, 1984 i' rom C. O. Thomas (NRC) to
E. P. Rahe, .'r. (Westinghouse)

Attention: Laurence E. Phillips, Acting Chief
Core Performance Branch

! Dear Dr. Thomas: ,

Enclosed are:

1. Twenty-two (22) copies of the Westinghouse Response to Request Number 2 for
Additional Information on WCAP-10125, " Extended Burnup Evaluation of
Westinghouse Fuel" (Proprietary).

2. One (1) copy of an Application for Withholding Proprietary Information From
Public Disclosure (Non-Proprietary)..

| Please note that additional analyses are currently being performed to augment
the response to question No. 2. This information will bc provided by July 31,'

j 1984. Please refer any additional questions or concerns regarding the content
!

of these responses to Douglas G. Bevard (412/374-5597) of my staff..

The enclosed material is submitted for your information and is to be treated as
; proprietary information of Westin6 house Electric Corporation. The information

will be separately resubmitted in whole in conformance with the requirements of
120CFR2.790 should it be employed as part of a license . application or other

~ action identified in 10CFR2.790(a).

;

~ . ;-
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.

.

Dr. C. C. Thcmas
Page Two

Correspondence with respect to the applicaticn for withholding should reference
-

AW-84 48 and should be addressed to R. A. Wiesemann, Manager of Regulatory and
Legislative Affairs, Westinghouse Electric Corporation, P.O. Box 355,
Pittsburgh, Pennsylvania 15230.

-

Very truly yours,

,

E. P. Rehe, Jr. nager j

Nuclear Safety artn.ent

.

MCB/kk
! t Enclosures ,

cc: D. Moran
i M. Dunenfeld

.
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Westinghouse Water Reactor Boxass
Rn2@Pmpna 22%

Electric Corporation Divislans
June 11,198!4

AW-84 48

Mr. Cecil 0. Thomas, Chief
Stahdardization and Special Projects Branch
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

APPLICATJCN FOR WITHHOLDING PRCPRI2TAPY
INFORMATICN FRCH FUCLIC DISCLCSUPE

Subject: Response to Request Nunber 2 for Additicnal Information on
WCAP-10125, " Extended Burnup Evaluation of Westinghouse Fuel"

? (Proprietary)

Ref.: Westinghouse Letter No. NS-EPR-2917, Rahe to Thomas, dated
June 11,1984

Dear Dr. Thomas:

The enclosed material transmitted by the reference letter contains information
proprietary to the Westinghouse Electric Corporation.

The material is not intended to be employed as part of a license application or
other acticn identified in 10CFR2.790(a). It will be separately submitted with
an Application for Withholding Proprietary Information from Public. Disclosure
accompanied by an Affidavit meeting the requirements of 10CFR2.790(b) prior to
cuch use.

Accordingly, we request the material be treated as proprietary ir.formaticn
within the provisions of 10CFR9.5(4), "Freedcm of Information Act Regulations."
If there is a need to make public disclosure of the material prior to a separate
Westinghouse submittal for docket in accordance with the provisions of
10CFR2.790(a), please notify Westinghouse prior to making a disclosure
determination.

Correspondence with respect to the proprietary aspects of this submittal should
reference AW-84 48 and should be addressed to the undersigned.

Very truly yours,

R. A. Wiesemann, l'.anager
-- Regulatcry ar.d Legislative Affairs__

/kk
cc: E. C. Shomaker, Esq.

Office of the Executive Legal Directcr, NRC
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00ESTION 1:

Several programs presented in WCAP-10125 were projected at later dates to
provide additional data at extended burnups. Please provide those data in the
areas of cladding corrosion, crud thickness, fission gas release, fuel
swelling, rod bow, fretting wear, pellet-cladding interaction, axial fuel
gaps, grid growth, fuel rod and assembly growth, and guide tube wear obtained
since the publication o'f the subject document, i.e., during calendar years
1982 and 1983, that are applicable to Westinghouse (W) fuel. Because many of
the above phenomena are design dependent, please identify the design to which
the data apply. Also, these phenomena can be divided into categories of local
fuel behavior (e.g. , gas release), fuel rod (e.g., rod bow) and assembly
(e.g., assembly growth) dependent phenomena; consequently, each data set from
these categories should be referred to in terms of local peak burnup, rod
average burnup, and assembly average burnup, respectively,

i

Resp 0NSE:

Please see the attached report, " Update of the Extended Burnup Database for

Westinghouse Fuel."

i

|

d

,

1350L:6/840604
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UPDATE OF THE
EXTENDED BURNUP DATAEASE

~

FOR WESTINGHOUSE FUEL ,

.

May, 1984

Edited by
P. J. Larouere

.

Contributors:

C. A. Bly -

B. S. Burns
E. E. DeMario
S. Fyfitch
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| W. R. Smalley
R. A. Weiner
H. W. Wilson

Approved:
R. S. Miller, Manager
Performance Analysis
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1.0 INTRODUCTION

Ell issued in July, 1982,The Westinghouse extended burnup topical report
showed that applicable Westinghouse design criteria, performance models and
methodology are sufficient for Westinghcuse to de,ign and operate fuel to a
target lead rod average burnup of [ ]+ MWD /MTU. Section 4.0 of that (a c)

i
report described several programs which were to provide confirmatory data at

! extended burnup.
|

The purpose of this report is to summarize the additional information which
has since become available, such as that from the Zion extended burnup
demonstration program [6,7] and the S'urry 17X17 extended burnup
demonstration program [10,11] The Zion program irradiated 4 assemblies to.

lead assembly burnups of 54800 MWD /MTU. WCAP-10125 presented results through

four cycles of operation; information from the fifth irradiation cycle and the
hot cell examination program are presented here. In the Surry 17X17
demonstration program, one 17X17 assembly (standard fuel design, wt".h Inconel
grids) was irradiated for four cycles of operation, achieving an ass?mbly
average burnup of 42434 MWD /MTU. Data from both on-site and hot-cell
examinations of this assembly are included here. In addition, analyses of
data from other non-commercial programs (such as the BR-3 irradiation

EI23program and the International SUPER-RAMP Project) in progress when
,

WCAP-10125 was issued have been completed. Where applicable, the results of

these analyses have also been included.

This additional data is summan' zed in the following paragraphs, which are
modeled on Section 3 of WCAP-10125. The emphasis is on information which has

been acquired since the beginning of 1982; however, limited amounts of data
available prior to 1982 but not presented in WCAP-10125 have also been added
where appropriate (e.g., on fuel rod and assembly growth) to provide a
comparison with the extended burnup data. Where possible, figures from
WCAP-10125 are reproduced here with the new information added. This should

simplify comparisons with the previously reported data.
.

.
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2.0 FUEL R00 PERFORMANCE

2.1 Clad Oxidation and Hydriding

Information on clad oxidation, including crud effects, and hydriding of fuel
rods which was obtained after WCAP-10125 was issued may be found in References

7, 11 and 12.

2.1.1 Clad Oxidation

Additional corrosion data have been acquired for fuel rods irradiated in the
Zion high burnup demonstration program, the BR-3 irradiation' program, and the
Surry 17X17 extended burnup demonstration program. The data in Figure 3.2 of
WCAP-10125 have been reproduced here as Figure 1, and the results of the
metallograohic examinations of the fuel rods from these additional programs
have been added. The curve showing the bound of oxide data under nominal crud
has also been modified slightly to bound all of the new data. (The curve
required modification to fit only one point: all other data points

representing nominal crud situations were bound by the curve as shown in
WCAP-10125.) The data base represented in this figure includes a maximum rod
average burnup of ~61500 MWD /MTU.

Whare crud deposition was nominal (< -0.3 mils), the magnitude of waterside
corrosion was fairly consistent with the previous results. The Zion and Surry
cate show a trend of increasing (but still very moderate) oxidation levels
with burnup. From the lower curve in Figure 1, the maximum corrosion

'

thickness expected at burnups of [ ]* MWD /MTU is approximately [ (a,c
]+ when crud deposition is nominal. This level of waterside (a,c

corrosion poses no limitation for extended burnup operation.

.

.

.
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Data for the BR-3 irradiated rods included four measurements which showed
anomalously high corrosion films at peak power locations. - These (locally)

~

large oxide films were associated with tenacious crud deposits, which had a
maximum thi-kness of ~0.75 mils, or 19 microns. The oxide films under these
thick crud deposits were 11/2 to 2 times as thick as the surrounding oxide
film, where only nominal crud deposition was observed. These larger oxide
thicknesses for the BR-3 rods all fell well within the previously presented
(in WCAP-10125) curve for oxide data under thick crud (Figure 1); in fact, 3
of the 4 values also fall under the curve for nominal crud deposition.
Despite the increased oxide levels and very high power levels and burnups,
these rods showed no adverse performance effects, which is consistent with the
information presented previously in WCAP-10125. The additional crud and
corrosion data presented here are, is ceneral, consistent with the data from
other plants previously reported in WCAP-10125.

2.1.2 Clad Hydriding

Data on the hydrogen uptake of Zircaloy-4 cladding have been acquired for fuel
rods irradiated under the Zion extended burnup demonstration program, the BR-3

1rradiation program, and the Surry 17X17 extended burnup demonstration
program. These new data continue to show the hydrogen uptake of Zircaloy-4 to
generally lie between 5 and 20% of theoretical during oxidation, as reported

;

in WCAP-10125.

Figare 3.3 of WCAP-10125 has been reproduced here as Figure 2, with the new
hydrogen uptake versus rod average burnup data added. The BR-3 data have also
been included for comparison, even though these data are from fuel rods with
power histories significantly higher than those typical for commercial |
reactors. The arbitrary data-bounding curve has also been redrawn to include |
all of the new data. (Only one new data point fell outside the old curve; |

however, it should be noted that this point still represented '<20% of the
theoretical uptake.) The maximum hydrogen uptake represented by this curve is
approximately [ ]* (corresponding to a rod average burnup of' (

[ ]* MWD /MTU), a level which poses no limitation for the extended (
,

burnup operation of fuel cladding.
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2.2 Fission Gas Release
,

Information on fission gas release not previously included in WCAP-10125 was
obtained from References 7, 11, and 12.

The fission gas release data from the Zion extended burnup demonstration
program, the BR-3 1rradiation program, and the Surry 17X17 demonstration- ,

program are presented in Figure 3. The data from the Zorita (Jose Cabrera);

core previously presented in figure 3.4 of WCAP-10125 are also included for
comparison.

The data from the BR-3 fuel rrds, like the Zorita data previously presented,
represent high power (>9 kw/ft) operating levels. Both BR-3 and Zorita spiked

i rods display relatively high fractional gas release (4-36%) and a dependency
on fuel burnup. The easured fission gas releases for the BR-3 rods were also
consistently lower than the calculated values, which offers further indication

that the Westinghouse fission gas model conservatively predicts fission gas
" r? lease fractions.

IThe data from both the Zion and Surry programs represent low-power,
low-temperature UO operation. Both sets of fuel rods also had consistently*

2
low gas releases: Surry data, for rod average burnups ranging from 28700 to |

44900 MWD /MTU, were always $0.60%; and Zion data, for rod average burnups
i ranging from 19000 to ~59400 MWD /MTU, were usually <2%. While the gas

release was low, a slight burnup dependency was observed for the Surry data,
although the Zion data did not show the fission gas release to increase
significantly with increasing burnup.

Fission gas release predictions for the Zion and Surry fuel rc,ds are generally
significantly higher than the measured fission gas release,. as shown in
Figure 4. (Figure 4 corresponds to Figure'3.6 in WCAP-10125, with additional-
points shown for the Zion and Surry rods.) This confirms that the Westing-
house fission gas release model gives conservative predictions for high burnup
fission gas release for commercial reactor fuel operating conditions. |
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2.3 Fuel Swelling and Densification

A typographical error has been detected in Section 3.2.4 of WCAP-10125.EI3

The effective swelling rate, which is currently shown as [ ]* (C

AV/V per fission per cm should read [ ]* AV/V per fission (f
3

'

per em . It is this latter value which is used in the Westinghouse fuel j

j performance code and which was found to be consistent with data in the open
'

literature.

Information on fuel swelling and densification not previously included in
WCAP-10125 was obtained from References 7, 11 and 12. Preliminary analysis of-4

data from the Zion extended burnup demonstration program indicates that, for

stable high burnup fuel (rod average burnup of ~48000 MWD /MTU) operated
under typical power conditions for a PWR, the total fuel swelling rate,
including both fission product swelling and densification effects, is only+

about [ ]* the value [ (a,$,

] used in the Westinghouse fuel performance code. This means that1

j the current Westinghouse model will conservatively predict fuel swelling
behavior. Analysis of the Surry 17X17 ext. ended burnup demonstration

,

examination data likewise indicates that the information presented in'

i

WCAP-10125 will yield conservative fuel swelling results. Finally, analysis
of the rods irradiated in the BR-3 reactor yielded an overall swelling rate of

[ ]* times the value used in the fuel performance code, once again (a,@

showing the WCAP-10125 value to be conservative.

In summary, the swelling and densification data which have become avaflable
since WCAP-10125 was issued support the information contained therein, and

! actually indicate that the swelling and densification model used by
Westinghouse for design is conservative.

4

2.4 Clad Flattening

J

Information on axial fuel column gaps and. clad flattening not previously
presented in WCAP-10125 was obtained from References-7, 11 and 12.

..

f

f
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No clad flattening was noted in any of the three programs providing additional
data on axial fuel column gaps. Gamma activity scanning of fuel rods from the
Zion high burnup demonstration program showed very little axial gap formation,
wich all gaps <0.030 inch. The gamma activity scans of all five rods from
the BR-3' irradiation program showed an absence of significant axial gaps in
all rods. Pellet interface gaps were detectable only in the extreme top and
bottom 5 to 10 inches of the BR-3 fuel rods, disappearing in the higher power
middle region of the fuel columns. Scanning of fuel rods from the Surry 17X17
extended burnup demonstration program also revealed no significant gaps in the
fuel columns

These observations support the position stated in WCAP-10125 that the
Westinghouse clad flattening model is conservative, and clad flattening is not
anticipated for lead rod average burnups of up to [ ]* MWD /MTV. (a,c)

4

2.5 Pellet Clad Interaction

Additional PCI data for burnup in excess of 30 GWD/MTU have been obtained from
a Westinghouse Power Cycling and Ramp Test Program [15] and the Petten High

Burnup PWR Ramp Test Program [16] Figure 5 is a reproduction of Figure 3.9.

of WCAP-10125 with the new data added.

The Westinghouse test rods were identical to standard 17X17 fuel rods except4

for length, and achieved burnups of ~33 GWD/MTU. The rodlets in the Petten
Program were not Westinghouse fuel rods; comparison of dimensions indicates
that the pellet and clad diameters are roughly comparable to Westinghouse
14X14/15X15 fuel rods. The Petten rodlets achieved final bornups of ~31 to
46 GWD/NTU.

The additional data are generally consistent with the trends identified in
Reference 9 of WCAP-10125. The failed and non-falled rods did not show any
trend with burnup. In fact, there are several cases where rods did not fail
at extended burnup (~45 GWD/MTU). The additional data, therefore, confirm
the conclusion stated in WCAP-10125 that the available PCI data base does not -

indicate increased PCI susceptibility at extended burnup.

i

I
i
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3.0 FUEL ASSEMBLY STRUCTURE PERFORMANCE

3.1 Fuel Rod Fretting

Assemblies using the Westinghouse Inconel grid design have been irradiated for
five cycles (assembly average burnup of 55400 MWD /MTU) in the Zion extended
burnup demonstration program [6,7] and for four cycles in the Surry 17X17
extended burnup demonstration program.[10,11] Detailed visual examinations

have indicated no evidence of clad fretting (mechanical wear at the contact
areas between the fuel rod and grid dimples and springs due to vibration),
indicating that sufficient grid spring forces remain even after extended
burnup to preclude rod grid fretting. These results were anticipated, based
on previous examinations of one- and two-cycle fuel rods in assemblies with
Inconel grids. Therefore it is concluded that fretting wear is not a concern

for a lead rod average burnup of [ ]* MWD /MTV in assemblies with Inconel (a,c'
grids.

Four 14X14 0FA demonstration assemblies with Zircaloy grids have completed two.

cycles of irradiation in the point Beach Unit 2 reactor, three of which are

currently in their third cycle of operation. Four 17X17 0FA assemblies with
Zircaloy grids have now completed four cycles of irradiation: two assemblies

'

irradiated in the Farley Unit I reactor reached an assembly average burnup of
39000 MkW'MTU, and two assemblies irradiated in the Salem Unit I reactor

achieved an assembly average burnup of 35500 MWD /MTU. Two additional 17X17

assemblies are currently in their third irradiation cycle in the Beaver Valley
Unit I reactor.

Fretting-type failures were observed at the bottom (Inconel) grid location of
several rods in one of the 14X14 assemblies. The cause of these failures was
traced to non-standard installation of the rods in the assembly during
fabrication, rather than to the rod or grid design. It was concluded that the
failed rods were unique to one assembly and have no generic implication to. the
OFA design. The remaining 0FA assemblies (both 14X14 and 17X17) have shown no.

indication of fretting wear, indicating.that the Zircaloy grid spring forces
continue to be sufficier.t to preclude fretting.

1350L:6/840604 8
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To date, the data from these demonstration assemblies support the conclusion
stated in WCAP-10125 that the design of the Zircaloy grids is sufficient such
that fretting wear in assemblies with Zircaloy grids is not a concern for
extended burnup.

3.2 Zircaloy Hydriding

Data have been obtained from the Zion extended burnup demonstration program

[ Reference 7] on hydrogen pickup for Zircaloy guide thimble tubes after 3
cycles of operation. The maximum guide thimble tube hydrogen concentration

was [ ].* (beginning-of-life hydrogen content of [ ]* plus (a

[ ]* hydrogen uptake), and the concentration measured was usually less -(a

than [ ]*. (a-

These values are lower than the one-cycle hydrogen concentration observed for

Point Beach, indicating that the extrapolated value given in WCAp-10125 for a
residence time consistent with a lead rod average burnup of [ ]* MWD /MTV (a

is conservative. As this conservative value extrapolated from the Point Beach
data was well within the design criterion, Zircaloy hydriding of guide thimble
tubes will not limit operation below a lead rod burnup limit of [ ]+ (a

MWO/MTU.

3.3 Assembly Growth

Data on fuel assembly growth at high burnups was obtained from the Zion
extended burnup demonstration program [ References 6 and 7] and the Surry 17X17

extended burnup demonstration program [ Reference 10]. These data are plotted

in Figure 6 as a function of fast fluence (E>l Mev). The two lines
representing growth of 15X15 and 17X17 assemblies are derived from data
available from Westinghouse commercial reactors. The 15X15_line represents
-50 data points (including the Zion data shown), and the 17X17 line
represents ~200 data points. It should be noted that most of the 17X17 data

are for fluences less than [ ]*, and that the line shown (d
at higher fluence values is an extrapolation. .

|

|
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As can be seen, the fuel assembly growth increases as exposure (fluence)
increases. It is important to note, however, that the highest value for
assembly growth [ ]* shown on the y-axis of Figure 6 represents (a,c

only half of the minimum amount of assembly growth permitted by Westinghouse's

current design criteria.

It is concluded that fuel assembly growth will therefore.not limit operation
below a lead rod burnup of [

]*. (a.c'.

3.4 Fuel Rod Growth and Rod-to-Nozzle Gap

Fuel rod growth data from the Zion extended burnup demonstration program
[ References 2-6], the Surry 17X17 extended burnup demonstration program

are plotted in Figure 7
(References 8-9] and the Trojan reactor [ Reference 13]EI43,

Adamson's correlation foras a function of fast fluence (E > 1 Mev).
the growth rate of unfueled Zircaloy is also shown on Figure 7 for comparison.

For the Zion extended burnup fuel, rod growth averaged ~0.81 percent after
five irradiation cycles, with values ranging from ~0.51 to ~1.2 percent.
The Surry and Trojan data are slightly lower, with Surry averaging 0.57
percent rod growth (range: 0.43 to 0.68 percent) after four cycles, and
Trojan averaging 0.52 percent rod grov.th (range: 0.30 to 0.79 percent) after
three cycles of operation.

In general, the data show fuel rod growth progressing in a systematic manner
with increasing burnup, although at a somewhat lower growth ~ rate than reported
by Adamson. Neither growth saturation nor increased rod growth rates are
observed with increased burnup.

.
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Rod-to-nozzle gap data are now available for Zion Unit I assemblies through
.

five cycles of operation, to an assembly average burnup of 54800 MWD /MTU. The
,

range of exposure for these data includes rods exposed to a fluence near'

~ 221.1x10 nyt (E>1.0 Mev). The rod-to-nozzle gaps for.the extended burnup
assemblies ranged from 0 to 1.04 inches at the top and 0 to 0.403 inches at
the bottom. The average total gip remaining after five irradiation cycles was
0.694 inches. Although a significant number (77 percent) of the fuel rods
were in contact with the bottom nozzle, an adequate rod-to-nozzle gap existed

[ at the top to accommodate continued rod growth (with the exception of one fuel
.

rod which exhibited anomalously high growth). Statistical evaluation of the
Zion data shows' that for lead fuel rods with burnups of [ ]+ MWO/MTU, (a

anaverageof_[ ]* percent (95 perceat confidence level) of the (ag
.

; initial gap will remain.

| The Surry 17X17 demonstratien fuel assembly showed a total rod-to-nozzle gap

| range of 0.82 to 1.19 inches after four cycles of operation, with an average
; total gap of 1.00 inch. None of the Surry rods exhibited contact with either
a

.

' the top or bottom nozzles, and adequate rod-to-nozzle gap exists to

{ accommodate continued rod growth.
<

The'above data indicate ' hat the initial rod-to-nozzle gap can be adequately
,

designed to provide an acceptable gap distribution for assemblies which have a
lead rod average burnup of [ ]* MWD /MTU. (af

I3.5 Fuel Rod Bow

Additional data on fuel rod bow have been obtained from the Zion extended
burnup demonstration program [ Reference 6]. Figure 3.10 of WCAP-10125, which'
shows the 95th percentile worst' span channel closure versus burnup, is
reproduced here as Figure 8 with the additional data point added. It can be
seen that the Zion data' point for the fifth irradiation cycle: falls well below
the design curve used for licensing.

Only one rod in the four extended burnup assemblies was observed to have made
~

contact with neighboring rods; this rod had bowed to near contact (>90%
closure) early in life. Leak testing after 5 cycles of operation showed all
four extended burnup assemblies to be defect-free.

*

1350L:6/840604 11

'' _ _ _ . - , _ - - . _ . _ . - _ . -._ . . . . _ _ . ._ _ _ . _ . - , , - ,__ , , . . . .



Rod bow data have also been recorded as part of the Surry 17X17 extended

burnup demonstration program. The Surry 2 rod bow data after four cycles of
exposure are consistent with earlier bow data from Surry Units I and 2. The

maximum channel closure observed was 75 percent, and there were only two

channel closures of 50 percent or more. When the worst span 95th percentile
closure data are plotted as a function of burnup, the Surry I and 2 17x17 data
fall within a narrow band well below the design curve shown in Figure 8.[10]

These additional data confirm the conclusion in WCAP-10125 that rod bow is
remaining relatively stable and well below the licensing criteria at extended
burnup.

3.6 Guide Thimble Tube Wear

Information on guide thimble tube wear not previously included in WCAP-10125
was obtained from Reference 7.

Components of the skeleton of one (15X15) assembly were subjected to hot cell
examination s.s part of the Zion extended burnup demonstration program. The
subject assembly had been irradiated for three cycles (during two of which it
operated in RCCA core locations), followed by four years in the spent fuel
storage pool.

Visual examination of the thimble tubes revealed that they were intact and in

excellent condition, with no evidence of any deformation or other unusual
conditions. Non-destructive eddy current scans performed on all twenty

,

thimble tubes revealed no wall thinning ,in excess of 10 percent (minimum level
of detection) in any of the tubes. In particular, locations just below the
top grid (where vibrational wear would most likely occur due to the position
of parked control rods in the assembly durir.g operation) were closely reviewed
for indications of wall thinning or other anomalies, but none were found.

These observations are consistent with those reported previously in

WCAP-10125.EI'173
!
'

|

l

!

|
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4.0 SUMMARY

This report includes data from both commercial and test reactor fuel which has
operated to lead rod burnups up to 61500 MWD /MTU. The information '.n this

report supports conclusions previously stated in WCAP-10125, " Extended Burnup

Evaluation of Westinghouse Fuel," that current Westinghouse fuel perft,emance
models conservatively model the parameters of concern for extended burnup
operation. No performance limitations have been identified which would
preclude the design of Westinghouse fuel to a lead rod average burnup of

[ ]+ MWD /MTU. (a c~.

It is therefore the conclusion of this report that, as stated in WCAP-10125,
Westinghouse design methods and safety analyses are valid for designing fuel
to achieve a lead rod average burnup of [ ]* MWD /MTU. (a c'

|
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Fiqure 2

Claddinq llydrogen Pickup Data As A Function Of Burnup
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Figure 4

MEASURED VS PREDICTED FISSION GAS RELEASE
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| QUESTION 2:

The burnout of extended burnup fuel results in lower attainable peak linear
heat ratings at these extended burnups. Has a burnup dependent linear heat
rating been assumed in the safety analysis of extended burnup fuel and, if so,

| how is the burnup dependency incorporated into plant operating limits for this
. .

; fuel? Also, how are power histories derived for calculated end-of-life

.

internal rod pressures?
h

RESPONSE:

A series of analyses were performed for 17x17 standard and 0FA and 15x15
standard and 0FA fuel types using fuel parameters from the' standard PAD
thermal model characteristic of various burnups throughout life to a maximum

of [ ]* MWD /MTV. Tta LOCA' analyses utilized the Westinghouse 1981 (a,c)_

version of the ECCS Evaluation Model. A constant peak linear heat rating
consistent with beginning of life was used for each burnup out to [ ]' (a,c)
MWD /MTU; no burnup dependent linear heat ratings were used. All analyses were
performed on plants representative of those found to have the greatest
sensitivity to the changes in fuel parameters due to extended burnup. The
results support the conclusion stated in WCAP-10125, Section 2.5.2, that for
the 1981 Evaluation Model using fuel parameters from the standard PAD thermal
model that the " maximum peak clad temperature during a LOCA occurred using

fuel parameters and initial conditions consistent with the time in life which
exhibits the highest pellet average temperatures, near the beginning of life."

Three fuel types (14x14 standard and 0FA and 16x16) are not enveloped by the -
work performed to date due to the lack of sufficient time to perform specific
analyses. In addition,15x15 0FA steam cooling type plants require further
evaluation. Further analyses will be performed on these fuel types to
evaluate their compliance with the above conclusion. The impa'ct of extended
burnup on the Evaluation Model with BART will also be evaluated as part of
these studies. The results of these analyses will be provided to the NRC
reviewers by the end of July.

.
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With respect to the second part of Question 2, lead rod power histories (i.e.,
those power histories which result .in maximum power and/or maximum burnup)
based on multi-cycle fuel management calculations consistent with standard

,

fuel rod design practice are used to calculate end-of-life rod internal
pressures,
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QUESTION 3:

No analysis is given of the radiological impact of extended burnup on the rod
ejection accident. What effect does extended burnup have on the radiological
impact of the rod ejection accident? Because some of the radioactive isotopes
calculated to be released in the fuel handling accident have gene up and other
stayed the same with extended burnup, it is not clear that the fuel handling
accident with extended burnup fuel is bounded by the standard analysis. What
effect does extended burnup have on the radiological impact of the fuel
handling accident?

RESPONSE:

Rod Ejection Accident

As dt. cussed in Section 2.5.1 of WCAP-10125, the acceptance criteria for the
rod ejection accident remain unaffected by the extended burnup consider-

ations. Thus the extent of fuel failure as a result of this accident is also
unaffected. However, because of the somewhat different core inventories when
operating with extended burnup furl (see Table 2.2 in WCAP-10125), there is a
minor impact en the radiological consequences in that the thyroid dose
increases very slightly (less than 2 percent) and the whole body dose
decreases by about 9 percent.

Fuel Handling Accident

An analysis was performed for a fuel handling accident involving fuel
assembiiys from a discharge region having an average burnup of [ ']* (a,c)

MWD /MlV, which is consistent with extended burnup operation. The resulti,ng
releases are indicated in Table 2.4 of WCAP-10125, where they are compared
with releases from a fuel handling accident involving fuel assemblies from'a
discharge region having an average burnup of 33000 MWO/MTU. In both cases the
releases are based on the highly conservative gap release fractions given in
Regulatory Guide 1.25. Based on the relearch listed in Table 2.4, the effect
of extended burnup on the radiological impact of a fuel handling accident.is
to increase the thyroid dose by 4 percent. The whole body dose.is not
affacted.

I
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While the above shows a minor increase in the radiological consequences of a

fuel handling accident involving extended burnup fuel, in actuality a
significant decrease in the radiological consequences is expected. This is
due to the fact that the actual gap release fractions for the isotopes of I
interest (with the exception of Kr-85) are lower at extended burnups. This is
discussed in Section 2.5.3.2 of WCAP-10125.
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QUESTION 4:
.

What fraction of the rod-to-nozzle gap is expected to remain for the lead
burnup rod at extended burnups? How does this compare to the standard

deviation of the data?

RESP 0NSE:

Analysis of the total gap data from the four assemblies in the Zion extended
burnup demonstration program indicates that fuel rods with burnups of up to

[ ]* MWD /MTU will, on the average, have [ ]* percent of the (a,c)
initial total rod-to-nozzle gap remaining at end of life. The standard
deviation on the total gap is [ ]* percent, which results in upper and (a.C)
lower 95 percent confidence level bounds of approximately [ ]* and [ ]* (a,c)
percent, respectively.

.
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OUESTION 5:

The analyses for transient clad strain, using an earlier version of W fuel
performance code (Ref.1) have indicated that conditions are most limiting
during the second cycle of operation and that cladding strains are maintained
below I percent. Is the :econd cycle of operation still limiting and less
than 1 percent for cladding strain using the revised PAQ code with NRC
restrictions on compressive and tensile creep (Refs. 2 and 3)?

RESPONSE: ,

Analyses performed with the current version of the Westinghouse fuel
performance code, PAD 3.35, still indicate that, with respect te transient
clad strain, conditions are most limiting during the first or second cycle of
operation. Westinghouse continues to require that cladding strains be
maintained below the 1 percent limit.

[1] Miller, J. V. (editor), " Improved Analytical Models Used in Westinghouse
Fuel Rod Design Computations," WCAP-8720, October,1976 (Proprietary) and
WCAP-8785, October,1976 (Non-Proprietary).

1350L:6/840604



.

SECTION I

|
r

WESTINGHOUSE LETTER FROM E. P. RAHE,

ADDITIONAL INFORMATION IN RESPONSE TO REQUEST NUMBER 2

FOR ADDITIONAL INFORMATION ON WCAP-10125,

" EXTENDED BURNUP EVALUATION OF WESTINGHOUSE FUEL"

(PROPRIETARY), NS-EPR-2%0,

DATED OCTOBER 31, 1984

TO NRC, C. 0 THOMAS
1
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1
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,

,
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Westinghouse Water Reactor km
Electric Corporation Divisions ""** W'" "

.

.

NS-EPR-2%0
October 31, 1984

Dr. Cecil 0. Thmas, Chief
Standardization and Special Projects Branch
U.S. Nuclear Regulatory Cmmission
Washington, D.C. 20555

Subjecti Additional Infomation in Response to Request Ntuber 2 for
Additimal Information on WCAP-10125, " Extended Burnup Evaluation
of Westinghouse Fuel" (Proprietary)

~

Reference: Letter NS-EPR-2917 dated June 11, 1984 from E. P. Rahe, Jr. (H)
to C. O. Thmas (NRC)

Attenticn: M. Dunenfeld, Core Perfomance Branch

Dear Dr. Th mas:

Enclosed are:

1. Ikenty-two (22) copies of the Westinghouse Additional Information in
Response to Request Ntaber 2 for Additional Information on WCAP-10125,
" Extended Burnup Evaluation of Westinghouse Fuel" (Froprietary).

2. One (1) copy of an Application for Withholding Proprietary Information From
Public Disclosure, JIW-84-88 (Non-Proprietary).

Consistent with the coccitment made in the referenced letter, the enclosed
infomatico aug;::ents the initial response to question 2, and completes the
Westinghouse response to " Request Ntaber 2". Please refer any additional
questions or concerns regarding the content of this response to Douglas G.
Bevard of my staff.

The enclosed material is sutmitted for your information and is to be treated as
proprietary information of Westinghouse Electric Corporation. The information
will be separately resutaitted in whole in confomance with the requirements of
10CFR2 790 should it be employed as part of a license application or other

,

actico identified in 10CFR2.790(a).

!

|

|
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Dr. C. O. Thanas
Page ho

Correspondence with respect to the application for withholding should reference
E-84-88 and should be addressed to R. A. Wiesemann, Manager of Regulatory and
Legislative Arrairs, Westinghouse Electric Corporation, P.O. Box 355,
Pittsburgh, Pennsylvania 15230.

Very truly yours,
t

E. P. Rahe, J Manager
Nuclear Safety Department

MDB/kk -
Enclosures

,

cc: D. ) cran
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Westinghouse Water Reactor scam
Electric Corporation Divisions P N P W na1 H

October 31, 1984.

E-84-88
Dr. Cecil 0. Thccas, Q11er
Standardization and Special Projects Branch
U.S. Nuclear Regulatory Cocanission
Washington, D.C. 20555

APPLICATION FOR WITHHOLDING PROPRIETARY
INFORMATION FROM PUBLIC DISCLmDRE

Subject: Additicnal Information in Response to Re;uest Ntanber 2 for
Additional Infomation on WCAP-10125, " Extended Burnup Evaluation
of Westinghouse Fual" (Proprietary)

Ref.: Westinghouse Letter No. NS-EPR-2%0, Rahe to ihm.as, dated
October 31,19M

Dear Dr. Thmas:

The enclosed material transmitted tr/ the reference letter contains infomation
proprietary to the Westinghouse Electric Corporation.

The material is not intended to be employed as part of a license application or
other acticn identified in 10CFR2.790(a). It will be separately sutmitted with
an Applicaticn for Withholding Proprietary Infomation fran Public Disclosure
acccupanied by an Affidavit meeting the requirements of 10CFR2.790(b) prior to
such use.

Accordingly, we request the material be treated as proprietary infomation
within the provisions of 10CFR9 5(4), "Freedan or Infomation Act Regulations."
If there is a need to make public disclosure of the material prior to a separate
Westinghouse sutmittal for docket in accordance with the provisions of
10CFR2.790(a), please notify Westinghouse prior to making a disclosure
detemination.

Correspondence with respect to the proprietary aspects of this sutaittal should
reference M-84-88 and should be addressed to the tmdersigned.

Very truly yours, .

~
. .

R. A. Wiesemann, Manager
Regulatory and Legislative Affairs

/kk
cc: E. C. Sha.:aker, Esq.

Office of the Executive Legal Director, NRC
|
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| Question 2

The burnout of extended burnup fuel results in lower attainable peak
linear heat ratings at these extended burnups. Has a burnup dependent
linear heat rating been assumed in the safety analysis of extended
burnup fuel and, if so, how is the burnup dependency incorporated into
plant operating limits for this fuel? Also, how are power histories
derived for calculated end-of-life internal rod pressures?

,

i
Response

| This response supersedes the partial response to this question included
in our June 11, 1984 submittal. (Reference NS-EPR-2917, letter from
E. P. Rahe, Jr. to C. O. Thomas).

Heat generation rates in PWR fuel experience a "burndown" due to a decrease'

in a concentration of fissionable isotopes and the buildup of fission product ,

inventory. This physical phenomenon has been an inherent consideration
in defining limiting safety analysis conditions, including verification.

of,the beginning-of-life LOCA worst case condition. In addition, the
evaluation of actual "burndown" on a cycle specific basis is a valid
element in vendor and licensee review of safety related considerations.

A series of representative analyses were performed for all Westinghouse
'

standard and optimized fuel assembly designs using fuel parameters from
the standard PAD thermal safety model characteristic of various burnups'

throughout life to a lead rod average burnup of [ 3 (a.c)
to confirm that 80L is the most limiting time in life for LOCA analyses.
The extended burnup LOCA analyses utilized ECCS Evaluation Model versions
under which the representative plants are currently ifcensed. Analyses
were perfonned on plants representative of those found to have the greatest
sensitivity to the changes in fuel parameters due to extended burnup.
The results of these analyses have verified the conclusion stated in
WCAP-10125 Section 2.5.2, that:

~

"the maximum peak clad temperature during a LOCA occurred using fuel
parameters and initial conditions consistent with the time in life
which exhibits the highest pellet average temperatures, near the
beginning of life."

In addition, analyses were performed which encompass all Westinghouse plant
configurations approved for applications with the BART Evaluation Model
which also verified the above conclusion for burnups to [

]. ForWestinghousetwoloopplants,fuelburnupanalysessupport(a,c),

the above conclusion with the LOCA Evaluation Model for which they were!

Itcensed as of September 1984

.
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.

.
It should also be noted that the phenomenon of "burndown is not
controlled by any particular plant operating limit (e.g." axial offset
operating band, control rod insertion). The level of burndown"
ds inherent in the nature of the core design and physical behavior j
and thus no change to plant operating limits is required to include
this on a conservative basis.

WithrespecttothesecondpartofQuestion2,leadrodpowerEistories
(i.e., those power histories which result in maximum power and/or
maximum burnup) based on multi-cycle fuel management calculations
consistent with standard fuel rod design practice are used to calculate
end-of-life rod internal pressures.
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SECTION J

,

'
WESTINGHOUSE LETTER FRON E. P. RAHE,

RESPONSE TO INFORMAL NRC QUESTIONS ON WCAP-10125, |

" EXTENDED BURNUP EVALUATION OF WESTINGHOUSE FUEL "

JULY 1982, NS-NRC-2992,

DATED JANUARY 7, 1985

TO NRC, C. O. THOMAS

:

!

.

! -

i

:

.
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: @
Westinghouse Water Reactor M '

Electric Corporation Divisions *** W " i

January 7,1985
E NRC-85-2992

Dr. Cecil 0. Thansa, Branch Chief -

| Standardization and Special Projects Branch
Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Camaission

j Washington, D.C. 20555
i,

| SIBJECT: Response to Informal NRC Questions on WCAP-10125, " Extended
j Burnup Evaluation of Westinghouse Fuela, July 1982
t

{ REFERENCE: Westin@ouse 1.etter No. ENRC-84-2980, Rahe to Dunenfeld, dated
Nov aber 26, 1984-

<

; Dear Dr. Thomas:
.,

; In accordance with the referenced letter, enclosed are:
1 *

j 1. One (1) copy (attachment 1) of the response (Proprietary) to the questions |

4 on the Extended Burnup Topical Report.
a .

! 2. One (1) copy (attachment 2) of the response (Non-Proprietary) to the
;I

questions on the Extended Burnup Topical Report.

| 3. One (1) copy of an Application for withholding, E85-004
(Non-Proprietary) .

I
j 4. One (1) copy of an origins 1 Affidavit, E76-21 (Non-Proprietary).

;

4

! This sutaittal contains proprietary information of Westin$ouse Electric
.

'

j Corporation. In conformance with the requirments of 10CFR2.790, as amended, ;

! of the Commission's regulations, we are enclosing with this sutaittal an ;

i application for withholding proprietary information from public disclosure and '

i en a.*fidavit. The affidavit sets forth the basis on which the information may
; be withheld from public disclosure by the Commission.

1

I
1

i
i

f
. -
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-

Dr. C. O. Thomas
Page lho

Correspondence with respect to the affidavit or application for withholding
should reference E-85-004 and should be addressed to R. A. Wiesemann, Manager
of Regulatory and Legislative Affairs, Westinghouse Electric Corporation, P. O.
Box 355, Pittsburgh, Pennsylvania 15230.

,

Very truly yours,

. -. ,

IE. P. Rahe, J i, Manager
Nuclear Safety Department

G'nWkk
Attachnents

,
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Westinghouse Water Reactor QElectr!c Corporation Divisions
g

-

January 7,195
E E-004

Dr.' Cecil 0. Thomas, Chief *

Standardization and Special Projects Branch
U.S. Nuclear Regulatory Consission
Washington, D.C. 20555

APPLICATION FOR VITHun nTNn PROPRTFTARY
M8vATION FECM P"LTC DTMficSilRE

: Subject: Response to Infornal NRC Questions on WCAP-10125 " Extended
i Burnup Evaluation of Westinghouse Fuel", July 19E2

i Ref.: Westinghouse Letter No. NS-NRC-E-2992, Rahe to Thomas, dated
January 7,1985

Dear Dr. Thanas:

| This application for withholding is sutaitted by Westinghouse Electric
Corporation (" Westinghouse") pursuant to the provisions of paragraph (b) (1) of
Section 2.790 of the Canission's regulations. It contains connercial strategic
information proprietary to Westinghouse and customarily held in confidence.

The proprietary material for which withholding is being requested is of the same
technical type as that proprietary material previously sutaitted with affidavit,
m-76-21, signed by the owner of the proprietary information, INstingouse
Electric Corporation.

Accordingly, it is respectfully requested that the subject irformation which is
proprietary to Westinghouse be withheld from public disclowre in accordance
with 10CFR Section 2.790 of the Connission's regulations.

Correspondence with respect to this application for withholding or the
accompanying affidavit should reference EE-004 and should be addressed to the
undersigned.

Very truly yours,

NWA&
Robert A. Wiesemann, Manager-

Regulatory & Legislative Affairs ~

'/kk
cc: E. C. Shcmaker, Esq.

Office of the Executive Legal Dire'ctor, NRC

- --- -. - _ . _ _ - _ _ _ ._ - _ - ..._
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PROPRIETARY INFORMATION NOTICE

.

TRANSMITTED HEREWITH ARE PROPRIETARY AND/OR NON-PROPRIETARY VERSIONS (iF

DOCUMENTS 713RNISHED TO THE NRC IN CONNECTION WITH REQUETS FOR GDRIC AND/0R

PLANT SPECIFIC REVIEW AND APPRCNAL.

IN OCER 10 CONFORM TO 1HE RIQUIRDENTS OF 10CFR2.790 0F THE COMSSION'S

RESULATIONS CONCDNING THE PROTECTION & PROPRIETARY INFORMATION SO S!BMITTED

TO THE NRC, THE INFORMATION HHICH IS PROPRIETARY IN THE PROPRIETARY VERSIONS IS

CONTAING WITHIN BRACKETS AND WHERE THE PROPRIETARY INFORMATION HAS BEEN

DELETE IN THE NON-PROPRIETARY VDSIONS GLY THE BRACKETS RDIAIN, THE *

IATORMATICN THAT WAS CONTAINED WITHIN THE BRA %~.70 IN THE PROPRIETARY VERSIONS

HKlING BED; LDLTD. THE JUSTIFICATION FDR C1. AIMING THE INFORMATION SO

) DESIGNATED AS PROFRIETARY IS INDICATE IN B0!H VERSIONS BY MANS OF LOWD CASE

LEITERS (a) THROUGH (g) CONTAINED WITHIN PARENTHDES LOCATED AS A SJPERSCRIPT

j
DHEDIATELT FOU.0 WING THE BRACKETS DCI.CEING EACH ITEH OF INFORMATION BEING

IDENTIFIED AS PROPRIETARY OR IN THE MARGIN OPPOSITE SJCH INFORMATION. THDE

LCED CASE LETTERS REFER 10 THE TYPES & INFORMATION WETINGHOUSE CUSTOMARILY

HCESS IN CCEFIDENCE IDENTIFIED IN SECTIONS (4)(11)(a) through (4)(ii)(g) 0F THE

APTIDN/IT ACCOPJANTING THIS TRANSMITTAL PUR3JANT 1010CFR2 790(b)(1).!

!

,
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| AW-76-21
;

AFFIDAVIT
.

*
.

C0!"C.".TALTH OF PElitiSYLVANIA:

|
*ss

| COUNTY OF ALLEGHENY: -

; * -
,

; -

|
Before me, the undersigned authority, personally appeared:

Robert A. Wiesemann, who, being by re duly sworn according to law, de-

| poses and says that he is authorized to execute this Affidavit en behalf
of 'a'estinghouse Electric Corporation (" Westinghouse") and that the aver- i

ments of fact set forth in this Affidavit are true and correct to the
best of his knewledge, information, and belief:

*
, .

tbis |d*D'?bi|L'L.'

I *
Robert A. Wieser. ann. Manager

Licensing Programs,

il Sworn to and subscribed
before une this ?/k day

'

of w i: i./ 1976.*-

r
.,c-

('||ri/.kude
Notary Publ1C

t* .. . . . . . , , , , ,
_

.
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2- AW-76-21

(1) I am Manager Licensing Programs, in the Pressurized Water Reactor
Systems Division, of Westing 50use Electric Corporation and as such.
I have been specifically delegated the function of reviewing the
proprietary inforr.ation sought to be withheld from public dis-
closure in connection with nuclear power plant licensing or rule-
making proceedings, and am authorized to apply for its withholding
on behalf of the Westinghcuse Water Reactor Divisions.

(2) I am making this Affidavit in conformance with the provisiens of
10 CFR Iection 2.790 of the Commission's regulations and in con-
junction with the Westinghouse application for withholding ac-
companying this Affidavit.

.

(3) I have personal knowledge of the criteria and procedures utilized
by Westinghouse Nuclear Energy Systems in designating information.

as a trade secret, privileged or as confidential commercial or
' financial information. ,

(4) Pursuant to the provisions of paragraph (b)(4) of Section 2.790
of the Commission's regulaticas, the following is furnished for
consideration by the Commission in determining whether the in-
formation sought to be withheld from public disclosure should be

'

withheld. '

,

*
.

(i) The information sought to be withheld from pubite disclosure

is owned and has been held in confidence by Westinghouse. f

.

e

.

.
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(ii) The information is of a type custanarily held in confidence by
i Westinghouse and r.ot casto.marily disclosed to the public.
i Westinghouse has a rational basis for determining the types
' of information customarily held in confidence by it and, in

that connection, utilizes a system to determine when and
whether to hold certain types of information in confidence.
The application of that system and the substance of that

,

system constitutes Westinghouse policy and provides the
rational basis required.

.

Under that system, information is held in confidence if it
falls in one or more of several types, the release of which
might result in the loss of an existing or potential com-
petitive advantage, as follows:

.

(a) The information reveals the distinguishing aspect: of,
a process (or component, structure, tool, method, etc.)
where prevention of its use by any of Westinghouse's
competitors without license from Westinghouse consti-
tutes a competitive economic advantage over other
companies.

(b) It consists of supporting data, including test data,
: relative to a process (or component, structure, tool, .

method,etc.),theapplicationofwhichdatasecuresa
competitive economic advantage, e.g., by optimization,

or improved marketability.
,

.

0

.

O

e

, s

0

0



. -

_
*

.

...

..

. :
' '

-4- AW-76-21

(c) Its use by a competitor would reduce his expenditure-
of resources or improve his competitive position in the
design, manufacture, shipment, installation, assurance
of quality, or licensing a similar product.

(d) It reveals cost or price information, production cap-
acities, budget levels, or commercial strategies of
Westinghouse, its customers or suppliers.

(e) It reveals aspects of pas *, present, or future West-
inghouse or custcmer funded develcpment plans and pro-
grams of potential commercial value to Westinghouse.

.

(f) It contains patentable ideas, for which patent pro-
to: tion may be desirable.

(g) It is not the property of Westinghouse, but must be
treated as proprietary by Westinghouse according to
agreements with the owner.

There are sound policy reasons behind the Westinghouse
system which include the following:

.

(a) The use of such information by Westinghouse gives .
,.

Westinghouse 4 competitive advantage over its com-
.

petitors. It is, therefore, withheld from disclosure
,

to protect the Westinghouse competitive position.
.

e

l .

j
'

.
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'

(b) It is information viich is marketable in many ways. _
i The extent to which such inforr.ation is available to

competitors diminis,hes the Westinghouse ability'to -

sell products and services involving the use of the
,

information. . .

(c) Use by our competiter woul(put West [nghouse'at a
competitive disadvantage by reducing his expenditure

;

of resources at our expense.

(d) Each component of proprietary inforsation pertinent

; to a particular competitive advantage is potentially
as valuable as t'e total competitive advantage. Ifh ,

.

competitors acquire cc=ponents of proprietary infor-
'

,

nation, any one component may be the key to the entire

|
puzzle. thereby depriving Westinghouse of a competitive
advantage.

*

(e) Unrestricted disclosure would jeopardize the position
of prominence of Westinghouse in the world markkt.*

and thereby give a market advantage to the competition'

in those countries.
!

I

*
' (f) The Westinghouse capacity to invest corporate assets

in research and development depends upon the s'uccess

in obtaining and maintaining a eczpatitive advantage.-

. i

,

M

*
.

e

,

*
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(iii) The information is being transmitted to the Cen:issien in
confidence and, under the provisions of 10 CFR Section 2.793, '

it is to be received in confidence by the Commission.

(iv) The information is not available in public sources to the,

best of our knowledge and belief.

, (v) The proprietary information sought to be withheld in this
l

'

submittal is that which is appropriately marked in the at-

tachment to Uestir.;h::se letter nu=ber MS-CE ,1100. Eicheldin;er ,

ta vassallo, dated June 11, 1976, concerning THINC II/THINC IV
code comparisons. The letter and attachment are being sub-

~

mitted in response to the hAC request at the May 28, 1976
'. MRC/ Westinghouse meeting.3

.

.

; This infonnation enables Westinghouse to:,

>

(a) Justify the Westinghouse design correlations.
.

'

(b) Ass'is't its customers to obtain licenses.
'

, .

;

(c) Obtain preliminary design approvals.

'(d) Meet warranties. *

,

(e) Provide greater flexibility to customers assuring them. *

of safe ar.d reliable operaticn.

.

(f) P. educe plant and fuel costs.
> a

e *

.

'

| .

I

*

|
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.
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| (g) Optimize performance while maintaining high level of
fuel integrity..

,

Further, the information gained from the THINC IV development
program is of commercial value and is sold for considerable

i sums of money as follows:

(a) Westinghouse sells the use of this information to
foreign licensees.

.

(b) Westinghouse uses the information to perform and
justify analyses which are sold to customers.

.

.(c) Westinghouse sells testing services based upon the
. experience gained and the test equipment and methods
developed.*

.

Public disclosure of this information concerning THIt;C II/
THINC IV code comparistns is likely to cause substantial
harm to the competitive position of '4estinghouse because

,

competitors could utilize this information to assess and
justify their own designs without conmensurate expense.

*

.
,

' ~

The comparisons perfor ed and their evaluation ' represent-

,

a considerable amount of highly qu'alified development effort.
* This work was contingent upon a THINC lY development program

,

which has been underway during the past six years. Altoge:P.e r .
a substantial amount of mor.ty and effort has been expended*

.

W

*

.

.
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$ _.

by Westinghouse which could cnly be duplicated by a ecm-
*

petitor if he were to invest similar sums of money and
~

~

provided he had the appropriate talent available.
1

.

Further the deponent sayeth not.

i,

! .
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ATTACHMENT 2

.
RESPONSE TO INFORMAL NRC QUESTION
ON POWER HISTORIES AND FISSION GAS'

RELEASE UNCERTAINTIES USED IN EOL
,
'

i ROD INTERNAL PRESSURE CALCULATIONS

,

e

! -

!
~

NON-PROPRIETARY VERSION
.

4 .

j

!
!

WESTINGHOUSE ELECTRIC CORPORATION
,
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Response to Informal NRC Question on Power Histories and Fission Gas
Release Uncertainties used in EOL Rod Internal Pressure Calculations

i

: 1. Provide sample rod power history data and associated rod internal
pressure versus burnup curves for the analysis of EOL rod internal pres-
sure.

i Response
; ........

As described during the telecon on 8/17/84, the power histories used in
'

design represent the power duty experienced by individual rods which are
followed through each cycle of operation until discharge. To define a set
of sample power histories for the rod internal pressure analysis. It was
agreed that the power histories to be provided would represent the follow.

,

ing cases selected from a single fuel region for core designs which have
peak rod powers near the radial peaking factor design limit:

| 1) Peak rod power occurring in the first cycle-

2) The rod with the peak rod power in the second cycle
3) The rod with the peak power in the third cycle

Sample power histories from a core which is represen:>g ci of anticipated
nigh burnup fuel operation were selected according tc t...> above criteria.
The four cases selected are:.

12) Peak rod power occurring in the first cycle these
represent the maximum power rods in the core (Figures 1

; and 2)
3) Rod power history from the same region having the highesti

*

power in the second cycle. '(Figure 3)

4) Rod power history from the same reg) ion having the highestpower in the third cycle. (Figure 4

Rod internal pressure calculations were performed for each of these cases
I using the PAD code (WCAP.8720)with and without uncertainties on the fission

gas release model. These PAD cases were run with the standard 17X17 fuel
design configuration, and the resulting plots of rod internal, pressure ver.
sus rod average burnup are provided in Figures 5 through 8.

|

|

|

__ .- - . _ - __ ,- _ _ . - -_, . - _ _ . -- . . ,.
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In addition to these cases it was requested in the telecon that we consider
the hypothetical case where the maximum rod power experienced during the
second cycle of operation is assumed to be equal to the design radial peak-i

| ing factor limit. In order to evaluate this condition, the power history
for cycle 2 for case 3 above was multiplied by the factor required to
result in a maximum power level of 1.435. This factor was applied for,

every time interval in cycle 2 so that the time varying behavior was pre-'

| served. The resulting power history is shown in Figure 9, and the rod
internal pressures versus burnup for this case are shown in Figure 10.

- 2. Provide a comparison of measured fission gas release data with the
PAD predicted fission gas release including uncertainties.

Response
........

The Westinghouse fission gas release model (WCAP-8720) predictions with
uncertainties as used in design are compared with fission gas release data
in Figures 11 through 13. Figure 11 shows the comparison with all the
data. Due to the large number of data points with measured fission gas
releases below 31, comparisons are also shown for measured fission gas
release greater than 3%, Figure 12, and for measured fission gas release
less than 31, Figure 13. The data used in the comparison are restricted to
rods typical of the current Westinghouse pressurized design. All the data

.used in the model development are shown in the figures, along with data
*

from the Zion, Surry and BR3 irradiation programs which have become avail-
able since the PAD 3.3 fission gas release model was reviewed and approved
by the NRC. As can be seen from the figures, the model with fission gas
release uncertainties included conservatively bounds the fission gas
release data.

:

.
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SECTION K

WESTINGHOUSE LETTER FROM E. P. RAHE,

j SLIDES FOR TRANSIENT FISSION GAS RELEASE

AT EXTENDED BURNUP,
I PRESENTATION TO NRC ON JANUARY 17,1985(PROPRIETARY),

NS-NRC-85-3003

DATED FEBRUARY 6, 1985,

i TO NRC, C. O. THOMAS

!
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e C oration iv sions

February 6,1985-
NS-NRC-85-3003

Dr. Cecil 0.1hemes, Branch Chief
~

| Standardization and Special Projects Branch
| Office of Nuclear Reactor Regulation

U.S. Nuclear Regulatory Ccamission
Washington, D.C. 20555

SJBJECT: Slides for Transient Fission Gas Release at Extended Burnup ,

Presentation to NRC on January 17,1985 (Proprietary)'

Dear Dr. Thomas:

i Per your request, enclosed are:

1. Three (3) copies of slides for Transient Fission Gas Release at Extended
Burnup Presentation to the NRC at Pittsburgh on January 17, 1985
(Proprietary) .

2. Three (3) copies of slides for Transient Fisison Gas Release at Extended
Burnup Presentation to the NRC at Pittsburgh on January 17, 1985
(Non-Proprietary) .

3. One (1) copy of an Application for Withholding, & 85-011
;(Non-Proprietary).

4. One (1) copy of an original Affidavit, &76-21 (Non-Proprietary).

This sutaittal contains proprietary information of Westinghouse Els.ctric
Corporation. In conformance with the requirements of 10CFR2.790, m amended,
of the Ccamission's regulations, we are enclosing with this autait:a1 an
application for withholding proprietary information from public disclosure and
cn affidavit. The affidavit sets forth the basis on which the information may
be withheld from public disclosure by the Commission.

.
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.

Dr. C. O. Thomas
Page h o

~

Correspondence with respect to the affidavit' or application for withho1 ding
should reference AW-85-011 and should be addressed to R. A. Wiesemann, Manager
of Regulatory and Legislative Affairs, Westinghouse Doctric Corperation, P. O.
Box 355, Pittsburgh, Pennsylvania 15230.

.

Very truly yours,

k
E. P. Rahe, JE Manager
Nuc1esr Safety Deportaent

cc: M. Dunenfeld
,

R. Lobel

.

GWWkk
Attactments

i

.

I

|
.

|
.

t

|

|

|

I #

.

'*
__ __ _ _ _, -_. __ _ . _ _ _ . _ _ _ . _ . _ . . . . _ , ,



_.

-

Westinghouse Water Reactor Q ,
Electric Corporation Divisions

February 6,198'i
E E-011

.

Dr. Cecil 0. Thomas, Chief
Standardization and Special Projects Branch
U.S. Nuclear Regulatory Comnission
Washington, D.C. 20555

APPLICATTON FOR WITHHfY BTNG PROPRIETARY
INFORMATTON FROM PURI TC BTSEM1RE

Subject: Slides for Transient Fission Gas Release at Extended Burnup
i Presentation to NRC on January 17,195 (Proprietary)

Ref.: Westin$ouse Letter No. NS-NRc-E-3003, Rahe to nemas, dated
February 6,1985

1Dear Dr. Thanas:

This application for withholding is sutaitted by Westinghouse Electric
Corporation (" Westinghouse") pursuant to the provisions of persgraph (b) (1) of
Section 2.790 of the Comission's regulations. It contains ocupercial strategic
infor1 cation proprietary to Westinghouse and customarily held in confidence.

We proprietary material for which withholding is being requested is of the same
technical type as that proprietary unterial previously sutaitted with affidavit,
E-76-21, signed by the cuner of the proprietary information, Westin$ouse
Electric Corporation.

Accordingly, it is respectfully requested that the subject information which is
proprietary to Westin$ouse be withheld from public disclosure in accordance
with 10CFR Section 2.790 of the Camission's regulations.

Correspondence with respect to this application for withholding or the
accompanying affidavit should reference &$-011 and should be addressed to the
tmdersigned.

Very truly yours,

.

.

Robert A. Wiesemann, Mensger
Regulatory & Legislative Affairs- .

/kk>

ec: E. C. Shaneker, Eaq.
Office of the Executive Legal Director, NRC.

.

.
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PROPRIETARY INDRMATION NOTICE

|
-

.

,

TRANSHITTED HDrn*ITH ARE PROPRIETARY AND/OR NON-PROPRIETARY YERSIONS &

D0Q.!MENTS FURNISHED 10 THE NRC IN CONNECTION WITH REQUESTS FOR GDERIC AND/OR
.

PLANT SPECITIC REVIEW AND APPROVAL.

i

IN DED 10 CONFORM 70 THE RIEUIREMENTS W 10CTR2.790 W THE CDP 9CSSION'S
:

REGULATIONS CWCERNING THE PROTECTION W PROPRIETARY INFORMATION 30 3,fBMITTED

70 WE NRC, THE INFORMATION WHICH IS PROPRIETARY IN DE PROPRIETARY VDSIONS IS
1

. i

!
CONTAINED WITHIN BRACKETS AND WHERE THE PROPRIETARY INFORMATION HAS BEEN

j DELETED IN THE NON-PROPRIETARY VERSIONS WLT TEE BRACKETS RDIAIN, THE -

j
INFORMATION THAT WAS CONTAIND WITHIN THE BRACKETS 3 THE PROPRIETARY VDSIONS;

| HAVING BEDI DII.ETED. EE JUSTIFICATION FOR II. AIMING ME INFORMATION 30
.

j DESIGNATED AS PROPRIETARY IS INDICATE IN BOIH VERSIONS BY EANS W LOWD CASE
!

| LETTERS (a) THROUGH (g) CONTAIND WITHIN PAREN7HDES LOCATE AS A RIPERSCRIFT

IMMEDIATILY FOLLCWING THE BRACKETS D2.05DG EACH ITEM OF INFORMATION BEIE I
i

IDENTIFIED AS PROPRIETARY OR IN THE MARGIN OPPOSITE SJW INFORMATION. THESE,

,

E
LCND CASE LETTERS REFER 10 THE TYPES W INFORMATION WDTINGHOUSF CUSTOMARILY

HCLDS IN CONFIDUCE IDENTIFIED IN SECTIONS (4)(ii)(a) through (4)(ii)(g) 0F THE

AFFIDAVIT ACCOMPANTING HIS TRANSMITTAL PURSJANT 1010CFR2 790(b)(1).
.

L..

|

,
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AW-76-21

AFFIDAVIT
'

.

.

I CC.P.C .".i!ALTH OF PENNSYLVANIA:
l *ss
|

-

COUNTY OF ALLEGHENY:
. .

| Before r.e. the undersigned authority, personally appeared 3

Robert A. Wiese:. ann, who, being by re duly sworn according to law de-
poses and says that he is authorized to execute this Affidavit en behalf
of Westin house Electvic Corporation ("blestinghouse") ar.d that the aver-
ments of fact set forth in this Affidavit are true and correct to the
best of his knowledge, infore tion, and belief:

;

kt |dTOM ?|L!G'

*
! Robert A. Wiesea. ann. P.anager

Licensing Programs'

.

.i

t

j Sworn to and subscribed

| before rse this 9// day
'

! of w e: > */ 1976.
'

; .

! ddei/.$g-
, ,

ac
Notary Public

l' *- . . . . . .

,

i E- - .. . . . :.

i

#
.

.

! -
.

.

'
.

*

!
.

*
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-2 AW-76-21

(1) I am Panager, Licensing Programs, in the Pressurized Water Reactor
Systems Division, of Westinghouse Electric Corporation and as such,
I have been specifically delegated the function of reviewing the .

proprietary infor=ation sought to be withheld from public dis-
closure in connection with nuclear power plant licensing or rule-
making proceedings, and am authorized to apply for its withholding
en behalf of the Westinghcuse Water Reactor Divisions.

(2) I am eaking this Affidavit in conformance with the provisiens of
10 CFR Section 2.790 of the termission's regulations and in cen- '

junction with the 1:estinghouse application for withholding ac- |
companying this Affidavit.'

(3) I have personal knowledge of the criteria and procedures utilized
by Westinghouse Nuclear Energy Systems in designating information
as a trade secret, privileged or as confidential commercial or

' financial information. ,

(4) Pursuant to the provisions of paragraph (b)(4) of Section 2.790
; of the Co= ission's regulattens, the following is furnished for

consideration by the Commission in determining whether the in-
formation sought to be withheld from public disclosure should be
withheld. *

*

, .

.

(1) The information sought to be withheld from public disclosure'

is owned and has been held in confidence by Westinghouse.j

.

M

.

: .

'

t *
|

|

t
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-3- AW-76-21

,

(ii) The information is of a type customarily held in confidence by
'

Westinghouse and not castomarily disclosed to the public.
Westinghouse has a rational basis for determining the types

~

l of information customarily held in confidence by it and, in
,

that connection, utilizes a system to determine when and
whether to hold certain types of information in confidence.
The application of that system and the substance of that
system constitutes Westinghouse policy and provides the ,

I rational basis required. !
>

|

{ Under that system, information is held in confidence if it

falls in one or more of several types, the release of which

: might result in the loss of an existing or potential ccm-

{ petitive advantage, as follows:
1

-
*

! (a) The information reveals the distinguishing aspects of,
I a process (or comper. ant, structure, tool, method, etc.)

|

j where prevention of its use by any of Westinghouse's
competitors without license from Westinghouse consti-;

| tutes a competitive economic advantage over other
! companies. -

(b) It consists of supporting data, including test data,4

; relative to a process (or component, structure, tool,. .

I
~ method, etc.), the application of which data secures a
i competitive economic advantage, e.g., by optimization,

er improved marketability.

;

1 .*

i
*

'

*
i

. .

| .
.

-
.

!

4
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-4- AW-76-21

(c) Its use by a competitor would reduce his expenditure-
of resources or improve his cor..petitive position in the
design, manufacture, shipment, installation, assurance

~

of quality, or licensing a similar product.

i (d) It reveals cost or price information, production cap-
acities, tudget levels, or commercial strategies of
Westinghouse, its customers or suppliers.

|

| (e) It reveals aspects of past, present, or future West-
inghouse or custer.er funded develepsent plans and pro-
grams of potential commercial value to Westinghouse.i

f

!

(f) It contains patentable ideas, for which pstent pro-
tection may be desirable.

(g) It is not the property of Westinghouse, but must be
treated as proprietary by Westinghouse according to

j agreements with the owner.
I
!

There are sound policy reasons behind the Westinghouse '

system which include the following:
| .

| ,. ( a ) The use of such information by Westinghouse gives -

| Westinghouse 6 canpetitive advantage over its com-.

[ petitors. It is, therefore, withheld from disclosure
,

'

to protect the Westinghouse competitive position.
.

i

f

1
i

.

.

.

- . . , . _ . . -- _ , , - - - . - - _ , - _ _ _ , - - . . _ __, -.,._..mr- . -.c-.,-, , ,,,p_y ~.. -
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(b) It is infor=ation which is marketable in many ways-. ,,
The extent to which such infor stien is available to
competitors diminis,hes the Westinghouse ability to .

sell products and services involving the use of the
information. .

(c) Use by our competiter would put Westinghouse 'at a
competitive disadvantage by reducing his expenditure
of resources at our expensee

(d) Each component of proprietary infor:ation pertinent
to a particular competitive advantage is potentially
as valuable as the total competitive advantage. If

competitors acquire c:=ponents of proprietary infor-
mation, any one component may be the ' key to the entire

puzzle. thereby depriving Westinghouse of a competitive
advantage.

'

(a) Unrestricted disclosure would jeopardize the position
of prominence of Westinghouse in the world market,
and thereby give a market advantage to the competition
in those countries.

'

' (f) The Westinghouse capacity to invest corporate assets
in research and development depends upon the s'uccess

in obtaining and maintaining a ec:;etitive advantage.-

. e
,

d
'

a

e

e

e

e
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(iii) The information is being transmitted to the Cet:issicn in
confidence and, under the provisions of 10 CFR Section 2.753 -

it is to be received in confidence by the Commission.

(iv) The information is not available in public sources to the,

best of our knowledge and belief.

(v) The proprietary information sought to be withheld in this
submittal is that which is appropriately marked in the at-

ta:hrent to "estir.gh::se letter nurber NS-CE ,1100. Eicheldinger
to Vassallo, dated June 11, 1976, concerning THINC II/THINC IV
code comparisons. The lette- and attachment are being sub-
mitted in response to tne hh; request at the May 28, 1976
NRC/ Westinghouse meeting.

This information enables Westinghouse to:.

(a) Justify the Westinghouse design correlations.

'

. (b) Assis't its customers to obtain licenses.

(c) Obtain preliminary design approvals.

'(d) Meet warranties. '

(e) Provide greater flexibility to customers assuring them
of safe ar.d reltatie operati:n.

(f) P. educe plant and fuel costs.
.

,

. -

6

..
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* -
.

(g) Optimize performance while caintaining high level of
fuel integrity.-

Further, the information gained from the THINC-IV development
program is of commercial value and is sold for considerable
sums of money as follows:

(a) Westinghouse sells the use of this information to
foreign licensees.

(b) Westinghouse uses the information to perform and
justify analyses which are sold to custe ers.

.(c) Westinghouse sells testing services based upon the
. experience gained and the test equipment and methods
developed.-

Public disclosure of this information concerning THIt:C II/
THINC IV code comparisons is likely to cause substantial
harm to the competitive position of *a'estinghouse because
competitors could utilize this information to assess and
justify their even designs without comrensurate expense.

'

| 'The comparisons performed and their evaluation ' represent'

a considerable amount of highly qualified cevelope.ent effort.
This work was contingent upon a THINC IV development program
which has been underway during the past six years. Al together,
a substantial amount of reney and effort has been expended

-

e

p

6

4
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. -

by Westinghouse which could cnly be duplicated by a ecm-
'

petitor if he v;ere to invest similar sums of money and -

provided he had the appropriate talent available.

Further the deponent sayeth not.

,

o
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AGENDA

- W EXTENDED BURNUP TOPICAL OBJECTIVES

- W TRANSIENT FISSION GAS RELEASE -

METHODOLOGY

- ROD INTERNAL PRESSURE DESIGN
CRITERIA

- ROD INTERNAL PRESSURE DESIGN
METHODOLOGY

..
.

- TRANSIENT POWER DUTY

- TRANSIENT FISSION GAS RELEASE MODEL

- TRANSIENT FISSION GAS RELEASE IMPACT
ON ROD INTERNAL PRESSURE
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- CONCLUSIONS '
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W EXTENDED BURNUP
TOPICAL REPORT

~ '

OBJECTIVE

- CONFIRM NRC APPROVED FUEL DESIGN /
SAFETY ANALYSIS APPROACH APPLICABLE
FOR EXTENDED BURNUP

|

- METHODS

- MODELS.

- CRITERIA
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NRC APPROVED W TRANSIENT
FISSION GAS RELEASE ANALYSIS

: ROD INTERNAL PRESSURE
DESIGN CRITERIA

- PRESSURE LIMITED TO PRECLUDE
,

- FUEL / CLAD GAP INCREASE DUE TO
OUTWARD CLAD CREEP

.

- EXTENSIVE DNB PROPAGATION.

- PERMITS INTERNAL PRESSURE TO
EXCEED SYSTEM PRESSURE
.
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NRC APPROVED W TRANSIENT
FISSION GAS RELEASE ANALYSIS

W ROD INTERNAL PRESSURE
| . DESIGN METHODOLOGY
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,
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PAD 3.3 CODE USED IN DESIGN ANALYSIS-

.-

PAD 3.3 APPLICABILITY FOR CONDITION.11-

TRANSIENT ANALYSIS IS ADDRESSED IN
: WCAP-8720, ADDENDUM 1
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W TRANSIENT FISSION GAS RELEASE
METHODOLOGY

| TRANSIENT POWER DUTY

! - ANSI CONDITION 11 TRANSIENTS !
I

:

-TYPICALLY SHORT - LESS THAN 15 MINUTES l
.

!
'

.

'

| - MAXIMUM LOCAL POWER INCREASE
ATTAINABLE AT EXTENDED BURNUP

| IS LIMITED BY
|
1 - DEPLETION OF FISSIONABLE ISOTOPES

'- FISSION PRODUCT BUILDUP
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W TRANSIENT FISSION GAS RELEASE
METHODOLOGY

WCAP-8720, ADDENDUM 1 REVIEW'

- PAD 3.3 MODELS VALID FOR ANALYSIS OF
CONDITION 11 TRANSIENTS

'

' - EXCEPT FISSION GAS RELEASE MODEL
'

- MAY UNDERPREDICT TRANSIENT FISSION
GAS RELEASE FOR HIGH TEMPERATURE
TRANSIENTS

: - TRANSIENT FISSION GAS RELEASE
MODELLED IN PAD 3.3
.

- ANSI CONDITION 11 TRANSIENTS
.

- 50 HOUR TIME STEP ASSUMED AT PEAK
TRANSIENT POWER LEVEL
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METHODOLOGY_
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| 50 HOUR HOLD TIME METHODOLOGY
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; VALIDATED FOR SHORT TERM ANSI
CONDITION 11 TRANSIENTS IN PWR CORES

- BASED ON COMPARISON AGAINST AVAILABLE
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TRANSIENT GAS RELEASE MODELLINGi
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CONCLlJSIONS .

;

TRANSIENT ROD DUTY AT EXTENDED BURNUP-

LIMITED BY FUEL. DEPLETION AND FISSION'

j PRODUCT BUILDUP

I NRC APPROVED WESTINGHOUSE CONDITION 11-

! TRANSIENT METHODOLOGY IS VALID FOR
| EXTENDED BURNUP
! i* *
;

i CONDITION 11 TRANSIENT FISSION GAS-
:.

i RELEASE DOES NOT SIGNIFICANTLY IMPACT !

! EOL ROD INTERNAL PRESSURE
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; SECTION L
4

>

; NRC LETTER FRON C. O. THCNAS,

| REQUEST NUMBER THREE FOR ADDITIONAL INFORMATION

j ON WCAP-10125 (P), |

|
DATED FEBRUARY 20, 1985

i TO WESTINGHOUSE, E. P. RAHE
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NUCLEAR REGULATORY COMMISSION -: a

i |
'

wasMNGTON. D. C. 20046

'o....* February 20,1985

.

Mr. E. P. Rahe, Jr., Manager
Nuclear Safety Department

) Westinghouse Electric Corporation
Box 355
Pittsburgh, Pennsylvania 15230

Dear Mr. Rahe:

SUBJECT: REQUEST NUMBER THREE FOR ADDITIONAL INFORMATION ON WCAP-10125(P)

We are currently reviewing the Westinghouse Licensing Topical Report, WCAP-
10125(P) entitled " Extended-Burnup Evaluation of Westinghouse Fuel".

The initial review reveals the need for the additional information indicated
in the enclosure. In order to complete this review within the currently
scheduled time, responses to all questions should be received by NRC by
March 15,1985. 'Please advise D. H. Moran at (301) 492-9409 if you cannot
meet this date.

The reporting and/or recordkeeping requirements contained in this letter
affect fewer than ten respondents; therefore, 08M clearance is not required
under P.L. 96-511.

Sincerely,
i

' @ o. %une -
Cecil 0. Thomas, Chief
Standardization & Special

Projects Branch
Division of Licensing'

Enclosure:
As stated

,

.
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ENCLOSURE

According to' WCAp 14125. Westinghouse is proposing to apply a new criterion,

i for axial fuel rod irradiation growth. It is not clear from the' report
,

i exactly what the new criterion is or how it is to be applied. Therefore.
please respond to the following questions:

.

! (1) State the new Westinghouse criterion for rod-to-nozzle gap closure,

i -

(2)(a) Describe hcIw this criterion is to be appited in safety and design
analysis.

.

(b) Is the proposed bound a confidence limit on the mean of future
observations or is it a tolerance limit for the population of, ,

future. observations of pap size. *
-

.,

What, uncertainties are explicitly considered in the statistical
evaluation of gap size, e.g., fabrication, the ir, radiation growth
model (both rod and guide thimbles). fluence, guide thimble loads-

an'd other uncertainties that could affect gap closure? Could these

uncertainties distort either the tolerance limit or the confidence
limit? What is the probability of any individual rod within a
typical fuel batch with a lead rod average burnup of 50 Mwd /kgM

,

exp atencing gap closure?
.

(c)' ' Axial gap closure is known to be a function of several fuel design
|

-

parameters including fuel pellet geometry, as built cold gap, hold- '

down spring force, cladding heat treatment, etc.. Describe how the -

differences in these fuel design v'ariables are taken irtto account
in applying a statistical criterion to gap closure. .

. .

e
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(d) How is the difference be. tween dimensions during operation when
~

.. . . .. . . . . . . ,

the. fuel,is hot and the measurement of the gap when the fuel
-

,

is cold taken into account?
.

!

! 3. Provide a description'of the evidence which supports the-

conclusion that potential contact of the fuel rod to the nezzle
will not have deleterious effects in terms of:

1

.
,

(a) increasing the incidence of rods bowed to contact
,

!

(b) potentially introducing a new cause of fuel rod failure

by mechanical failure due to compression of the, fuel rodj

,
or by contact with adjacent rods

.

: -4. Will th'is new criterion be applied to VANTAGb 5 and QUAD + and
'

.

other future Westinghouse fuel bundle designs?:

'

! 5. State how the use of this proposed criterion for fuel rod-to-

| nozzle growth gap is in compliance with 10CFR50. Appendix A.
'

GDC 10 with respect to exceeding specified acceptable fuel
design limits during normal operation and anticipated operational

" occurrences.
-,
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SECTION N

WESTINGHOUSE LETTER FROM E. P. RAHE,

RESPONSE TO NRC REQUEST NUNBER 3

FOR A00!TIONAL INFORMATION

ONWCAP-10125(PROPRIETARY),NS-NRC-3018

DATED MARCH 14, 1985,

TO NRC, C. O. THOMAS
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Westinghouse Water Reactor amsss
Electric Corporation Divisions ''''88u'sh N'?*aw isrso cass

NS-NRC-E-3018
March 14,1985

Dr. Cecil 0. The.as, Chief
Stan'dardization and Special Projects Branch
Division of Licensing
U.S. Nucicar Regulatory Carrmission
Washington, D.C. 20555

SJBJECT: Response to NRC Request Ntnber 3 for Additional Infomation on
WCAP-10125 (Proprietary)

REFERENCE: Letter from C. O. Thm.as (NRC) to E. P. Rahe, Jr. (M), dated
February 20, 1985

Dear Dr. Thm.as:

In accordance with the referenced letter, enclosed are:,

1. One (1) copy of the response to the NRC request ruber 3 for additional
infomation on WCAP-10125 (Proprietary).

2. One (1) coy of Application for Withholding E-85-024 (Non-Proprietary).

The enclosed response is autnitted for your review and approval in compliance
t:ith obtaining a fwthemang SER on WCAP-10125.

Correspondence with respect to the affidavit or application for withholding
should reference E-85-024 and should be addressed to R. A. Wiesemann, Manager
of Regulatory and Legislative Affairs, Westinghouse Electric Corporation, P. O.
Box 355, Pittsburgh, Perr.sylvania 15230.

Very truly yours,

s
E. P. Rahe, r. , Manager
Nuclear Safet Department

ces R. Lobel

CWWkk
Attachments *

e
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Westinghouse Water Reactor emass

Electric Corporation Divisions P**** P'*o*** sm W

March 14,195
E E-024

Dr. Cecil 0. Thanes, Chief
Standardization and Special Projects Branch
U.S. Nuclear Regulatory Consnission
Washington, D.C. 20555

APPLICATION FDR WITHHOLDING PROPRIETARY
i INFORMATION FRCH Ptmf Ic DistifvutRE

'l Subject: Response to NRC Request Number 3 for Additional Information on
WCAP-10125 (Proprietary)

Ref.* Westinghouse Letter No. NS-NRC-E-3018. Rahe to thanas, dated
March 14,19E

Dear Dr. Thomas:

The enclosed material transmitted by the reference letter contains information
proprietary to the Westin$ouse Electric Corporation.

The material is not intended to be employed as part of a license application or
other action identified in 10CFR2 790(a). It will be separately sutnitted with
an Application for Withholding Proprietary Information from Public Disclosure
accompanied by an Affidavit meeting the requirements of 10CFR2.790(b) prior to
such use.

Accordingly, we request the material be treated as pro;rietary information
t:ithin the provisions of 10CFR9 5(4), " Freedom of Infcrmation Act Repletions."
If there is a need to make public disclosure of the materisi prior to a separate
Westin$ouse sutnittal fr docket in accordance with the provisions of
10CFR2 790(a), please notify Westin$ouse prior to making a disclosure
determination.

Correspondence with respect to the proprietary aspects of this sutnittal should
reference EE-024 and should be addressed to the nedersigned.

Very truly yours,

Lh// 1sswAn ]- --
_

R. A. Wiesemann, Manager
Regulatory and Legislative Affairs

/kk
ee E. C. Shomaker Esq.

Office of the taecutive Legal Director, NRC

.

s
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|

Response to NRC Request Number 3 for Additional Information on
WCAP-10125 (Proprietary)

.

The current Westinchouse design basis for interactive fuel rod / assembly
irradiation growth effects is that the fuel rods will be designed with
adequate clearance between the fuel rod ends and the top and bottom nor-
ales to accommodate the differences in growth of the fuel rods and the .

skeleton structure. The calculated minimum gao which allows for differ-
ential growth between fuel rods and the fuel assembly has been estab ,
11shed for Westinghouse fuel designs to beslightlygreaterthan[ ]. (a.c)
This roovired allowance for irradiation growth is established to pre-
clude fuel rod-to-nozzle interference during projected operation on the
basis of the assumption of worst case fuel rod and fuel assembly growth
combined with worst case fabrication tolerances. This methodology has
been used for all Westinghouse fuel assembly designs including the West-

. inghouse Optimized Fuel Assembly (OFA) and Vantage 5 designs (References
| 1 and 21.

The planned revision of the Westinghcuse design criterion for fuel rod
growth gap which was described in WCAP-10125 recognizes the statistical
s.ature of fuel rod and fuel assembly growth correlations, and replaces
the criterion of no interference between the rods and the top and bottom
nottles with a statistical criterinn. This revised criterion will
assure with high confidence that only a very small fraction of the fuel
rods in a region could be in contact with both the top and bottom nor-
ties at the end of design life. The design methodology to be used with
the revised criterion will use a rigorous statistical convolution of the
uncertatnties associated with the fuel rod and fuel assembly growth
relationships, the as-fabricated rod-to nozzle gap distribution, and the
esoected fuel rod fluence distribution in the fuel region at the design '

discharge burnup.

The details of the proposed Westinghouse statistical fuel rod growth
criterion and desten methodology cannot be provided to the NRC in suffi-
cient time for incorporation in the current review of WCAP-10125. Rath- -

er than delay the SER for WCAP-10125. Westinthouse will continue to use
the current design methodology and criterion for interactive fuel
rod / fuel assembly growth in design to extended burnups unt"1 the
detailed supporting 'nformatinn for the preposed revised criterton has
been submitted to the NRC, reviewed and approved for use in design
applications.

References

1)WCAP g500 A." Reference Core Report 17X17 Optim12ed Fuel Assembly."
May,1982.

2)WCAp 10444.* Reference Core Report Vantage 5 Fuel Assembly."
December, 1983.
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