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NUCLEAR REGULATORY COMMISSION REPORT DISCLAIMER

IMPORTANT NOTICI REGARDING CONTENTS AND USE OF THIS
DOCUMENT

PLEASE READ CAREFULLY

This technical report was derived through research and development pro-
grama sponsored by Advanced Nuclear Fuels Corporation. It is being submit.
ted Dy Advanced Nuclear Fuels Corporation to the U.S. Nuclear Regulatory
Commission as part of a technical contribution to facilitate safety analyses
by licensees of the U.S. Nuclear Regulatory Commission which etilize Ad-
vanced Nuclear Fuets Corporation fabricated reload fuel or other technical
serv 6ces provMed by Advanced Nuclear Fuels Co",,oradon for light water
power reactors and it is true and correct to tha best of Advanced Nuclear
Fuels Corporation's knowledge, information, ano belief. The information con-
tainoa herein may be used by the U.S. Nuclear Regulatory Commission in its
review of this report, and under the terms of the respective agreements, by
licensees of applicants before the U.S. Nuclear Regulatory Commission
which are customers of Advanced Nuclear Fuels Corporation in their
demonstrat6on of compilance with the U.S. Nuclear Regulatory Commission's
regulations.

Advanced Nuc8wr Fuets Corporation's warrantles and representations corw
caming the sutdoct matter of this document are those set forth in the agree-
ment between Advanced Nuclear Fuels Corporation and the customer to
which this document is issued. Accordingly, except as otnerwise expressly
provksed in such agreement, neither Advanced Nuclear Fuels Corporhoon nor
any person acting on its behalf:

A. Makes any warranty, or representation, express or im-
plied, with respect to the accuracy, completeness, or
usefulness of the information contained in this docu-
ment, of that the use of any information, aoparatus,
method, or process coactosed in this document will not
infringe pnystely owned rights, or

B. Assumes any liabilities with respect to the use of, or for
damages result ng from tre use of, any informaton, ap-
paratus, method or process disclomnd in this document.
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g UNITED STATES
NUCLEAR REGULATORY COMMISSIONo

! ,i, wAssinatow, o. c. ressa

% .. . . + / February 20, 1991

'

i
g

Mr. R. A. Copeland, Manager
Reload Licensing

I Advanced Nuclear Fuels Corporation
P. O. Box 130
Richland, WA 99352

Dear Mr. Copeland:

SUBJECT: ACCEPTANCE FOR REFERENCING 0F TOPICAL REPORT ANF-89-060(P),
" GENERIC MECHANICAL DESIGN REPORT HIGH THERMAL PERFORMANCE
SPACER AND INTERltEDIATE FLOW MIXER" (TAC N0. 73015)

.

$ We have completed our review of the subject topical report dated April 1989,
3 together with responses to request for additional information dated January 3

January 18 and April 13, 1990. Based on our review, we conclude that
ANF-89-060(P)providesanacceptablebasisforthehighthermalperformanceI' spacer and intermediate flow mixer design provided that a plant-specific

analysis of seismic and LOCA loading is performed during reload app (lication.The enclosure to this letter provides our Safety Evaluation Report SER)which
details the basis and limitations of our approval. Our evaluation applies only
to matters described in the topical report.

In accordance with procedures established in NUREG-0390, it is requested thatI the Advanced Nuclear Fuels Corporation publish accepted versions of this
topical report, proprietary and non-proprietary, within three months of
receipt of this letter. The accepted versions shall include an "A"
(designating accepted) following the report identification symbol.

Sincerely

/fh
I Ashok C ~ih'ad E , Director

Divisi of Systems Technology
Office of Nuclear Reactor Regulation

Enclosure:
ANF-89-060(P) Evaluation
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1.0 INTRODUCTION

The Advanced Nuclear fuels (ANF) Corporation has submitted a topical

I repor t. (Reference 1) entitled " Generic Mechanical Design Report High Thermal l
Performance Spacer and Intermediate Flow Mixer," ANF-89 60(P), to the U.S.
Nuclear Regulatory Commission (NRC) fur review and approval. This report
de!.cribes two new pressurized water reactor (PWR) fuel assembly grid spacerI designs: the High Thermal Performance (HTP) spacer and the Intermediate Flow
Mixer (IFM). The HTP is an all Zircaley spacer which provides improved
mixing, reduced presrure drop, and increased structural strength compared toI the previous ANF bimetallic spacer design. The IFM is an all Zircaloy grid
designed to be placed between HT.P spacers for improved mixing of the coolant.

The purpose of this report is to review the ANF mechanical design limitsI and analysis methods for the new grid designs. . This review is intended to
assure that application of these analysis methods and design limits will
prevent fuel damage or failure and maintain fuel coolability, as defined inI the Standard Review Plan (SRP) (Reference 2), for those fuel asse blies using
the new HTP and IFM spacer designs.

This review was based on the licensing requirements identified in
Section4.2oftheSRP(Reference 2). The objectives of this fuel system
safety review, as described in Section 4.2 of the SRP, are to provide-
assurance that-1) the fuel system is not damaged as a result of normalI, operation and anticipated operational occurrences (A00s), 2) the number of
fuel rod failures is not underestimated for postulated accidents, 3) fuel
system damage is never so severe as to prevent control rod insertion when it

I is required, and 4) coolability is always maintained. A "not damaged" fuel
system is defined as one wherein fuel rods do not fail, fuel system dimensions ,

-

remain within operational tolerances, and functional capabilities are not
reduced below those assumed in the safety anal Objective 1, above, isI consistent with General Design Criterion (GDC)yses.10 (10 CFR 50, Appendix A)
(Reference 3), and the design limits that accomplish this are called specified
acceptable fuel design limits (SAFDLs). " Fuel rod failure" (Objective 2)

I- 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 100 (Reference 4) for postulated
accidents. The general requirements to maintain control rod insertability,I (Objective 3) and core coolability (Objective 4) appear repeatedly in the GDC
(e.g., GDC 27 and 35). Specific coolability requirements for the loss-of-.

'

coolant. accident (LOCA) are given in 10 CFR 50, Section 50.46 (Reference 5).I "Coolability," which is sometimes tenned "coolable geometry," means, in
general, that the fuel assembly retains it rod-bundle geometrical configur-
ation with adequate coolant channels to permit removal of residual heat even

,g after a severe accident.

|g In order to assure that the above stated objectives are met and follow
the format of Section 4.2 of the SRP, this review covers the following threemajor categories 1) Fuel System Damage Mechanisms, which are most applicable
to normal operation and A00s; 2) Fuel Rod failure Mechanisms, which apply to
normal operation, A00s, and postulated accidents; and 3) Fuel Coolability,which is applied to postulated accidents. Specific fuel damage or failure
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i mechanisms are identified under each of these cate ories in Section 4.2 of the
| SRP and these individual mechanisms are addressed n this report. The ANF
'

design limits and analysis methods applied to the new grid designs will be
briefly discussed in this report under each fuel damage or f ailure mechanistr.

Pacific Northwest Laboratory (PNL) has acted as a consultant to the NRC
in this review. As a result of the review of the subject topical report by 3the NRC staff and their PNL consultants, a list of questions were sent by the ENRC to ANF (Reference 6) requesting clarification of the f abrication of the
Zircaloy strips that make up the grids, future examinations planned for the
lead test assemblies (LTAs) with the new grids, and how ANF plans to address
specific mechanical analyses not provided in Reference 1. ANF has provided -

respunses to these questions in Reference 7. ANF has provided additional
responses in References 8 and 9 to verbal questions on inconsistencies in 3
Reference 1, analytical methods used to predict fretting wear between the fuel Icladding and spacer springs, and axial fuel assembly growth.

The HTP spacers and IFM designs are briefly discussed in the following |section (Section 2.0). The ANF fuel damage and failure criteria / limits and
analysis methods of the mechanisms defined in the SRP are addressed in
Sections 3.0 and 4.0, respectively, while fuel coolability and control rod B
insertability are addressed in Section 5.0. E

2.0 FUEL SYSTEM DESIGN
'

The HTP spacer and IFM grids are made of all Zircaloy strips in order to
reduce their neutron cross-section as compared to the previous bimetallic
grids that consisted of Inconel strips for the spacer springs. There are
other important differences in these new grids that represent an improvement
over the previous bimetallic grid design. Both the HTP and IFM
been designed to create a swirling flow pattern in the coolant, grids have1.e., increase 3coolant mixing, and, therefore, improve the heat transfer from the fuel rods. g
These new arids are also designed to be structurally stronger than the
bimetalli- design. In addition, the HTP spacer grid maintains greater contact
area between the Zircaloy spacer springs and the fuel rods to increase the
fretting resistance with the fuei rods as compared to the contact area of the
Inconel springs from the bimetallic spacer grids. The IFM grid was designed
to be placed axiolly between the HTP spacer grids in the upper half cf the 3assembly to increase flow mixing, and, therefore, better heat transfer in the 3upper axial half of the fuel rods. The outer dimensions of the IFMs are
smaller than the HTP spacer to avoid interactiun with adjacent fuel

|assemblies.

The following evaluation of damage / failure mechanisms for these new grid
designs are separated into Section 3.0 (Fuel S stem Damage), Section 4.0 (Fuel
Rod failure), and Section 5.0 (Fuel Coolabilit ).

3.0 FUEL SYSTEM DAMAGE

IThe design criteria presented in this section for the new grid designs
are evaluated and, when found to be satisfactory for licensing applications,
should not be exceeded during normal operation, including A00s. For each

'
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damage mechanism, there is also an evaluation of the analysis methods used by
[ ANF to demonstrate that fhe design criteria are not exceeded during normal

operation, including A00s, for the new grid designs described in Reference 1.

(a) Stress
|

Bases / Criteria - In keeping with the GDC 10 SAFDLs, fuel damage criteria
should assure that fuel system dimensions remain within operational tolerances
and that the functional capabilities are not reduced Delow those assumed in
the safety analysis. The ANF design criteria for allowable primary membrane
and bending stresses for PWR cladding and assembly components are presented in
Tables 4.1 and 4.2 of Reference 10 and in ANF's response to a question
(Reference 8). It is noted that this latter response corrected an incon-
sistency in the allowable cladding contact stresses in Sections 3.1.1 and
5.1.1 of Reference 1. These corrected criteria in Reference 8 are consistent
with Section 111 of the ASME Boiler and Pressure Vessel Code (Reference 11)
and the guidelines established in Section 4.2 of the SRP (Reference 2).

The ANF stress criteria for fuel rod cladding and assembly components
have been approved by HRC for previous PWR designs up to extended burnup

| levels (Reference 10) and are also acceptable for PWR designs utilizing the
| new HTP and IFM grid spacers.

Evoluotion - ANF has stated (Reference 1) that cladding stresses from the
|' HTP and IFM spring forces will be determined by either using a finite element

analysis (Reference 12) or by comparison with a finite element analysis of a
similar design, such as provided in Reference 13, with spring forces that are
greater or equal to those of the design in question. This stress analysis *

approach is coniistent with standard engineering practices and, therefore, is
acceptable for application to the cladding stress analyses of the HTP and IFK
spacers for future PWR designs.

(b) Strain

| Bases / Criteria - ANF has not proposed a design criterion or limit for
5 cladding strains due to cladding stresses induced by the HTP and IFM spacer

springs other than the 1% limit provided in the SRP. This is because ANF
believes that the above stress criterion for the spacer springs and the 1%e

| cladding strain limit for pellet cladding interaction (PCI) will control fuel
cladding failure due to excessive stresses and, therefore, a separate strain
criterion for the spacer springs is not necessary.

The SRP states that cladding strain shall not exceed 1% total uniform
(elastic plus plastic) strain for normal operation and A00s. The primary

,

observed mechanism for PWR cladding strains in commercial fuel operation isa

| related to PCI and cladding strains due to spa u r springs have not been
observed to date. The primary mechanism of cladding failures from spacer
spring interaction is due to fretting wear.

Because the primary mechanism for fuel cladding strains is due to PCI and
not due spacer spring stresses, we have concluded that the current 1% cladding

/<
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I
strain limit for cladding strains used by ANF is acceptable and a separate
strain limit for the HTP and IFM spacers is not necessary. '

Evoluotion - The use of HTP spacer and IFMs will not impact the analysis Eof cladding strains for PWR fuel assembly designs. Therefore, ANF's 5
previously approved analysis methods described in References 10 and 14 for
calculating cladding strains are also acceptable for application to those PWR aassemblies that utilize the HTP spacers and IFMs. g
(c) Strain Fatigue

Bases /Criterio - The principle concern for strain fati ue in the HTP and
IFM spacers is due to cyclic stresses on the weld or mechan cal joint between
the spacer and guide tubes. A welded joint between the spacer and guide tubes g
is used on all ANF fuel designs except those fuel assembly designs that use glarge guide tubes. For those ANF fuel assemblies with large (multi-cell)
guide tubes (Reference 8), ANF will use mechanical jcints in HTPs and IFMs in
place of the weld joints. The cyclic stresses on the welded or mechanical EJoints are caused by friction between the spacce springs and fuel rods as a 5
result of axial expansion of the latter during changes in power. The stresses
on the weld or mechanical joint are calculated by assuming maximum friction aloads for each fuel rod in the grid cells. The minimum strength criteria of gthe weld and mechanical joints are based on the as-fabricated specifications
for the minimum strength of these joints. The strength of the weld joints are
routinely tested to demonstrate that they are within the specified minimuma

strength criteria. The mechanical joints used for the HTP and IFM spacers in
the 14x14 C-E plants have been tested for strength and found to be stronger
than the other spacer structural components, i.e., the spacer side plates gbuckle before the mechanical joints fail- ~

5
The O'Donnell and Langer design curve for strain fatigue (Reference 15)

is used by ANF along with a conservative estimate of the cyclic stresses in
the weld and mechanical joints due to power changes. The strain fatigue
design criteria for the HTP spacers and 'FHs are conservative and, therefore,
acceptable for ANF licensing applications.

Evoluotion - ANF's use of a conservative number ef cyclic stresses in the
weld and mechanical joints and the use of the O'Donnell and Langer design
curve for strain fatigue are consistent with the recommendations in the SRP
for strain fatigue. Therefore, this analysis methodology is found to be
acceptable for use in evaluating the strain fatigue of the HTP and IFM spacer-
to-guide tube joints for ANF licensing applications.

(d) Frettina

Bases /Criterlo - The ANF design basis for fretting wear is that fuel rod
failures due to fretting shall not occur. The purpose of grid springs in the
HTP and IFM grid spacers is to center the fuel rod in the flow channel.and
also limit the rod vibration and, therefore, rod fretting. However, in- 3reactor irradiation of the HTP and IFM Zircaloy springs will result in 3relaxation of the spring forces and the fuel rods will creep down to a smaller
diameter which can result in a small clearance (open gap) between the spacer

4
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springs and the fuel rods near the end-of-life (EOL). The Zircaloy springs
will relax f aster and to a greater degree than the Inconel springs used in the
previous bimetallic grid spacers, which will result in a larger clearance thanu

the previous design.

I ANF has established a limit on the clearance between the spacer springs

I and the fuel rods in order to control fuel rod vibration and fretting wear
that is based on their out-nf-reactor wear tests and in-reactor experience.

l Wc conclude that ANF's design basis for fretting wear and limit on clearance
'

(gap) between the spacer springs and fuel rods are acceptable for application
to those PWR designs that utilize the HTP spacers and IFMs.

Evoluotfon - ANF has proposed an analysis methodology for predicting the
fretting wear due to the clearance between the HTP and IFM spacer springs andI fuel rods. This analysis methodology is based on ANF's prediction of
clearance between the fuel rod and spacer spring and their conservative
correlation of fretting wear as a function of this clearance and time.

The ANF calculation of the interference fit or clearance (that occurs
neartheE0L)betweenthefuelr9gDaconservativemodelforZircaloyspringand spacer springs is performed using the
RODEX2 cladding creepdown model,tI relaxation, and the minimum cladding diameter and maximum cell size of the
spacer that are determined fron assembly fabrication tolerances. The ANF
calculation of cladding diameter decrease with burnup utilizes the best,

estimate RODEX2 cladding creepdown model. However, ANF has used conservative
input values to-RODEX2 for cladding identification, rod pressurization, fuel
densification, and linear heat generation rate in order to provide a conserva-i

I tive prediction of cladding creepdown and, therefore, maximum clearance with
the spacer spring. The ANF calculation of Zircaloy spring relaxation for the
HTP spacer and IFM utilizes a model that is a function of temperature and fast
(E >l MEV) fluence. This ANF model is based on experimental Zircaloy spring
data from a reactor t.th a fast flux greater than that typical of commercial
PWRs. ANF has applied this data without a correction for the differences in
fast flux between the data and their PWR application. The lack of correctionof this data is judged to result in a conservative spring relaxation model
because Zircaloy creep and spring relaxation increases with fast flux for a
given temperature and fluence, i.e., the data used by ANF will predict greater
spring relaxation than-would be expected for a PWR fast flux et a given
temperature and fluence. Therefore, we conclude that ANF's cladding creep
down and spring relaxation models as applied in Reference 1 for detennining
the interference fit or clearance between the fuel rod and spacer springs for
the HTP spacers and m % are conservative and applicable for the analysis offretting wear.

-

ANF has performed out-of-reactor loop flow tests for 1000 hours on
assemblies with HTP spacers and IFMs that have maximum expected EOL clearances
between the fuel rods and spacer springs. ANF has measured the maximum wear
rate from these tests (Reference 1) and developed a conservative fretting wear
model as a function of fuel rod-to-spacer spring clearance that bounds this
fretting wear data with a 95% probability at a 95% confidence level. We
conclude that this fretting wear model is acceptable for predicting fretting
wear for those PWR designs that utilize HTP spacers and IFMs.

5
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ANF utilizes the above analysis methods for evaluating maximum fuel rod-
to-spacer spring clearance and upper bound fretting wear in those PWR
assemblies with HTP spacers and IFMs as a function of time in reactor. This
methodology uses inc.remental time steps to calculate clearance and fretting
wear for each time step and adds their incremental amounts until EOL for the aassembly. The maximum calculated fretting wear is then included in their gevaluation of fuel cladding stresses. This ANF analysis methodology for
evaluating fretting wear is found to be conservative and, therefore, accep-
table for those PWR designs that utilize the HTP spacers and IFMs.

(e) External Corrosion and Crud Buildup

Bases / Criteria - The ANF fuel design basis for cladding corrosion and
crud buildup is to prevent 1) significant degradation of cladding strength,
and 2) unacceptable temperature increases. Because of the thermal resistance
of corrosion and crud layers, formation of these products on the cladding
result in an elevation of temperature within the fuel as well as the cladding.
ANF uses a cladding outer surface temperature limit for corrosion that is
specified in Reference 10 for PWR fuel. The PWR temperature limit has beer Eacceptable for previous ANF PWR designs and is also acceptable for those PWR gdesigns that utilize HTP spacers and IFMs.

Evaluation - The use of the HTP spacers and Irt in ANF PWR designs is |.

not expected to significantly change the ciaciding corrosion of these designs
and, in fact, n.ay reduce cladding corrosion due to the increased flow mixing
resulting from these new spacers. Therefore, the ANF analytical methods for 3application to PWR designs that are approved in Reference 10 remain acceptable 5for those PWR designs that utilize HTP spacers and IFMs.

| (f) Rod Bowing

Bases / Criteria - Fuel and burnable poisen rod bowing is a phenomenon that
alters the design pitch dimensions between adjacent rods. Bowing affects Elocal nuclear power peaking and the local heat transfer to the coolant. W
Rather than placing design limits on the amount of bowing that is permitted,
the effects of bowing are included in the cladding overheating analysis, g
Section 4.0 (C) of this report, by limiting fuel rod powers when bowing 5,

| exceeds a predetermined amount. ANF has established a rod-to-rod clearance
limit below which a penalty is imposed by a reduction in the departure from
nucleate boiling ratio (DNBR) and above which no reduction in DNBR is neces- Es a ry. This approach is consistent with Section 4.2 of the SRP, and the NRC E
has approved this for application to current ANF PWR designs (References 10

i and 16). We conclude that this approach is also acceptable for ANF PWR aj designs that utilize the HTP spacers and IFMs. g|

Evaluation - ANF has described their approved analytical model for rod
bowing for PWR fuel designs in Reference 16. Rod bowing is influenced by the
friction forces between the spacer springs and the fuel rods and, therefore,
an increase in spacer spring friction forces will increase rod bowing. The
HTP Zircaloy spacer springs have higher spring friction forces than the
previous ANF bimetallic spacer springs, but these Zircaloy spacer springs will

6
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I
relax- faster than the bimetallic spacer springs, see Section 3.0 (d) Evalu-
ation. As a result of ANF analyses of HTP Zircaloy spring relaxation, the rod
bowing for those assemblies with the HTP spacer grids are expected to be less

I- by mid-to-end-of-life than the rod bowing in previous ANF PWR assemblies with
bimetallic grid spacers. Therefore, ANF has concluded that the use of their
current analytical model and rod bowing data will conservatively bound rod
bowing for those assemblies with HTP spacers.

ANF has noted that those assemblies utilizing the IFHs between two HTP
spacers will decrease the span length by one-half and, therefore, decrease theI rod bow by a similar amount. ANF has, therefore, concluded that those
assemblies with IFMs will not be limiting in terms of rod bowing.

We agree with ANF's conclusions for rod bowing in those assemblies thatI utilize the HTP spacers and IFMs. Therefore, the use of the current ANF
analytical model and methods in References 10 and 16 for rod bowing are found
to be acceptable for application to those assemblies with HTP spacers and

f IFMs.

(g) Axial Growth

Bases / Criteria - Those components requiring axial-dimensional control and
evaluation are the fuel rods and fuel assembly structures. The critical
clearances that must be controlled are 1) the clearance between the fuel rodsIi and the upper and lower assembly tie plates, and 2) clearance between the
assembly tie plates and core internals.

I The ANF design basis for PWR fuel rod and assembly clearances is that
clearance between the upper and lower tie plates and the fuel rods must be
maintained for all fuel rods during their design life, and that clearance
between the tie plates and the reactor core plates be maintained during theI assemblies design lifetime. This design basis is consistent with the SRP and,
therefore, is acceptable for application to those PWR designs that utilize the
HTP spacers'and IFMs.

Evaluation - The ANF analytical models and methods for predicting PWR
fuel _ rod and assembly growth have been described in References 10 and 17. The

m ANF calculation of clearance between the fuel rods and the upper and lower
g assembly tie plates is performed by taking the worst-case as-fabricated

dimensions'end utilizing a conservative upper-bound rod growth curve and a
lower-bound assembly growth curve. The ANF calculation of clearance between

I~ the assembly tie plates and core internals also uses worst-case dimensions but
uses the conservative upper-bound assembly growth curve. These analysis
methods are judged to be very conservative. ANF intends to utilize these same
models and methods for calculating a) the clearance between the fuel rods andI upper and lower tie plates and b) the clearance between the assembly tie
plates and core internals for those assemblies that utilize the HTP spacers
and IFMs.

.

'ne primary concern in the application of these earlier axial growth
( mode'.s, which were based on data from assemblies with the bimetallic spacers,
7
h
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is whether the models are applicable to PWR assemblies with the new HTP (all2ircaloy) spacers and !FMs.

As noted earlier in Section 3.0 (f) on Rod Bow, the HTP (Zircaloy) spacer
spring starts off with a higher friction force early-in life than the bi-
metallic spacers, but the friction force decreases more rapidly with burnup so
that the HTP spacer spring has a lower time average friction force on the fuelrods than the earlier bimetallic spacer. The spacer springs introduce a com- E
pressive friction force on the fuel rods but they introduce a tensile force on E
the guide tubes. The tensile force on the guide tubes is because the fuel
rods have greater axial thermal expansion than the guide tubes that are g
attached to the spacer grids. The friction forces on the fuel rods at 5
beginning-of-life from either the HTP cr bimetallic spacer springs arerelatively small.

Even when the total forces from the six equally spaced grid gspacers along the length of the fuel rods are combined, the total comprestivestresses on the rods are still relatively small. 1here has been no observed
effect on rod growth as a result of changes to a Zircaloy spacer spring.

The tensile forces on the guide tubes due to the spacer spring friction
forces with the fuel rods are relatively large because they are equal to the
total compressive stresses on each rod multiplied by the number of rods in an
assembly and divided by the number of guide tubes in an assembly.
influence of axial forces (stresses The

measurable effect on PWR assembly g)owth (Reference 10).on guide tubes has been shown to have ar In addition,
Westinghouse has observed a decrease in assembly growth as a result of their g
design change to an all-Zircaloy spacer grid (Reference 18). a

the HTP spacers had taken into account the lower time average guide tubeANF was questioned on whether their 1) axial assembly g')wth analyses for
tensile stresses for these assemblies versus their earlier 'ssembly designs
with bimetallic spacers and 2) whether their axial guide t ne growth data from
assemblies with bimetallic spacers either bounded or matcSed those time E
averaged tensile and compressive stresses expectd for t%e guide tubes with E
the HTP spacers.

ANF has responded that, although t6 oimetallic spacer
springs did not relax as fast as the new Zircaloy spacer springs, the former g
spacer springs did relax to a significant degree after one cycle of irradi- 5
ation such that the axial tensile forces on the guide tubes were only a smallfraction of beginning-of-life forces
that while the axial tensile forces on(Reference 9).Therefore, ANF claims

|guide tubes with their bimetallic
spacers are greater than those with their Zircaloy spacers, the absolute a
differences in the tensile forces between bimetallic and Zircaloy spacer
springs are not significant enough to have a significant effect on guide tube agrowth.

ANF has further stated that this conclusion will be verified "with g
additional monitoring of HTP fuel assemblies."

We conclude that ANF's use of their PWR rod and assembly growth models
based on data from fuel designs with bimetallic spacers are expected to remain
applicable to those PWR fuel designs that utilize the HTP spacers and IFMs
because of 1) the large degree of conservatism in ANF's methodology for
predicting rod and assembly growth, and 2) ANF's commitment to monitor growthin these assemblies.
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(h) Rod Internal Pressure

Base's/ Criteria - Rod internal pressure is a driving force for, rather
than a direct mechanism of, fuel system damage that could contribute to the
loss of dimensional stability and cladding integrity. Section 4.2 of the SRP
presents a rod pressure limit that is sufficient to preclude fuel damage in
this regard, and it has been widely used by the industry; it states that rod
internal gas pressure should remain below the nominal systo pressure duringnormal operation, unless otherwise justified.
internal pressure limits other than those provided in the SRP.ANF has electes to justify rod
limit above system pressure for fuel designs has been justified inA proprietary
Reference 10. In addition, ANF has imposed a second limit (Reference 10) that
requires the fuel-cladding gap to remain closed during constant and increasing
rod power operation under normal reactor operating conditions, when intersal
rod pressure exceeds the system pressure. These ANF limits for PWR fuel
designs are p) resented in Supplement 5 of XN-NF-82-06(P)(A), Revision 1(Re hrence 10 and have been reviewed and accepted by the NRC. We conclude
triat these limits are also acceptable for ANF PWR assemblies with the HTPspacers and IFMs.

Evoluotfon - The use of the HTP spacers and IFMs in ANF PWR designs will
not change the current ANF analyses methods used to calculate rod internal
pressures i,or are they expected to change the results of these analyses.
Therefore, the approved ANF analytical models and methods defined in
Reference 10 for calculating rod internal pressures remain acceptable for.

those designs that utilize WTP spacers and IFMs.

(i) Assembly liftoff

Bases / Criteria - The guidelines in Section 4.2 of the SRP to prevent
assembly lif teff are that worst-case hydraulic loads during normal operation
and A00s should not exceed the hold-down capability of the fuel assembly
(which includes wet weight and hold-down spring forces).
stated (Reference 10) that "the assembly hold-down spring must retain itsANF has previously
ability to counteract the hydraulic force through life." We consider this to
be consistent with the above SRP requirement and this criteria has bean
previously approved by the NRC (Reference 10) for ANF PWR designs. We also
consider this to be acceptable for PWR assemblies that utilize HTP spacers andIFMs.

Evoluotion - The use of the HTP spacers and IFMs in present ANF PWR
designs are expected to have only a minor effect on assembly liftoff.
Assembly liftoff i.s a function of plant coolant flow, assembly pressure drop,hold-down spri
measured the p,ng forces, assembly weight, and dimensional changes.ANF has

ressure drop across the HTP spacers and IFMs and these values
will be used to confirm that assembly liftoff will not occur. ANF's approved
methodology for. evaluating PWR assembly liftoff (Reference 10) remains
applicable and, therefore, is acceptable for application to those designs thatutilize HTP spacers and IFMs..

9
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(j) Control Material Leaching
,

Bases / Criteria - 1he SRP and GDC reqd re that reactivity control be amaintained. Rod reactivity may be lost by leaching of certain poison or gcontrol materials, particularly those materials contain',ng boron, if the
cladding of control-bearirg material has been breached.

Evaluatton - Thit review does not involve PWR control rods and, there-
fore, this issue will not be discussed further.

4.0 [UELR00 FAILURE

fuel rod failure thresholds and methods for analyzing the failure
mechanisms listed in the SRP are reviewed in the fellowing. When the failure |thresholds are applied to normal operation including A00s, they are used as a
limits (and hence $Af0Ls) since fuel failure under those conditions should not
occur according to GDC 10 (Reference 3). When the thresholds are used for

postulated accidents,lations required by 10 CFR 100 (Reference 4). fuel failures are permitted, but they must be accounted
3

for in the dose calcu g
The basis

or reason for establishing thesa failure thresholds is, thus, established by
GDC 10 and 10 CFR 100. The threshold values, and the methods used to assure Ethat they are met, for PWR assemblies that utilize the HTP spacers and ifMs, Eare reviewed in the following.

(a) Hydridino |.

Bases /Criterio - The release of hydrogenous impurities inside the fuel
rod can result in premature cladding failure due to the formation of hydride Eblisters and reduced ductility. Internal hydriding, as a cladding failure 5mechanism, is precluded by controlling the level of moisture and other
hydrogenous impurities during fuel pellet fabrication. The ANF fabrication g
limit (Reference 10) for total hydrogen in fuel pellets is more stringent than Ethe ASD4 limit cited in the SRP and, thus, is acceptable for application to
those ANF PWR designs that utilize the HTP spacers and ',rMs.

Evaluatfon The use of HTP spacers and IFMs in ANF PWR designs will not
change fuel rod internal hydriding from that experienced by previous ANf PWR
designs. ANF controls the moisture and hydrogenous impurity level of ANF fuel 3pellets by taking a statistical sample of the fabricated pellets and measuring
total hydrogen content to assure that it is below the ANF limit 3
(Reference 10). This method for controlling hydrogenous impurities in ANT
fuel rods remains acceptab",e for applicatior, to those ANF PWR designs thatutilize the HTP spacers and !fMs. '

. .

(b) Claddino 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 intoa gap, i.e., flattaning. Secause of the lar e local strains that would result |from collapse, the cladding is assumed to fa 1. ANf's design criteria for
preventing cladding collapse has been reviewed and accepted by the NRC in the
review of XN-NT-82-06, Revision 1 (Reference 10). Because the cladding for

10
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I PWR assemblies utilizing the HTP spacers and IfMs is the same as for previous
PWR designs, we conclude that this criteria is airo applicable for PWR designsusing the HTP spacers aad IfMs.

Evoluotfon The usa of HTP spacers and ifMs in ANT PWR desi
change ANf's analysis methods for calculating cladding collapse. gns will notANF eses the
approved RODEX2 and COLAPX codes (References 14 and 19 along with a method-I ology described in Reference 10 to predict cladding cre)ep_ collapse for their
PWR fuel rods. The RODEx2 code is used to provide initial in reactor fuel rod
conditions to COLAPX, e.g., fuel densification, ra9ial fuel-cladding gap size,
fill gas pressure, and cladding temperatures. The COLAPX code calculatesI cladding ovality changes (flattening) and creep defomation of the cladding asa function of time. fuel densification and cladriing creep are the two most
important physical phenomena in the analysis e' clding collapse. As-I fabricated fuel and cladding dimensions are also important in this analysis.
Both the physical phenomena and dimensions are controlled in the fuel and
cladding fabrication and their affect on cladding collapse are accounted for

I by ANF usino the methodology described in Reference 10. These codes are also
acceptable for application to those ANF PWR designs that utilize the HTP
spacers and ifMs accause the fuel and cladding fabrication have not changed
from the previous designs.

(c) Overheatino of Claddina

I. Boses/ Criteria - As indicated in the SRP, Section 4.2.!!.A.2 (d), it has
been traditional practice to assume that failures will occur if the thermalmargin criterion is violated. For PWR fuel, themal margin is stated in terms
of DNB. The ANF design limit for the prevention of fuel failures due to over-I heating of the cladding in PWRs.is that there will be 31 least a 9% proba-
bility at a 9% confidence level that DND will not occur en the most limitingfuci rod during normal o)eration and A00s. This lir criterion satisfies theI intent of the SRP and, tius, is acceptable for application to those ANT PWR
designs that utilize the HTP spacers and IrMs.

Evoluotion - ANF has presented their DND analysis methodology for thoseI assemblies that utilize the HTP spacers and ITMs in a separate topical report
(Reference 20) that was approved )y the NRC. Therefore, the ANF ONB analysis
methodology for designs t1at utilize the HTP spacers and IfHs has been

I addressed in the approveo Reference 20. It is noted that the most limiting
rodusedforDNDanalysesmustalsoincludetheeffectsofrodbowing(see
Section 3.0 (f)) in these analyses.

| (d) Overheatino of fuel Pellets

Bases /Criterio - As a second criterion for avoiding cladding failure due

l' to overheating, ANF precludes fuel centerline melting for normal operation and
A00t, . This design limit is the same as given in the SRP, Section 4.2.!!.A.2
(e), and, therafore, is acceptable for PWR designs utilizing the HTP spacers
and ifMs.

Evoluotfon - The use of HTP spacers and IFNs in ANF PWR designs will not
change ANF's analysis methods for calculating fuel centerline melting for

11
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normal operation and A00s. Therefore, the ANF analysis methods described in
the ap,) roved topical reports XN-NF-8158(P)(A) and XM-NF 82 06(P)(A)
(Reference 14 and 10) for calculating fuel centerline melting in PWR designs g
remain acceptable for application to those designs utilizing HTP spacers and g,IFMs.

(e) Excessivt Fuel Enthalpy

Bases / Criteria - The SRP guidelines for a severe reactivity initiated
accident (RIA) in a PWR, Section 4.2.!!. A.2(f), state that *at zero or low Epower, fuel failure is assumed to occur if the radially averaged fuel rod genthalpy is greater than 170 cal /g at any axial location," i.e., a power
excursion beginning at icw or zero power. The 170 cal /g enthalpy criterion is
primarily intended to address cladding overheating effects, but it also gtirectly addresses PCI of the type associated with severe RIAs. The severest
RIA for ANr PWR designs is the control rod ejection accident beginning at low
or tr.ro power. ANF utilizes this SRP guideline for evaluating fuel failure 34due to excessive fuel enthalpy and, therefore, this is acceptable for those 3ANF PWR designs using the HTP spacers and IFMs.

Evaluatfon - The use of HTP spacers and IFMs in present ANF PWR designs
will not change the analysis methods used by ANF for the PWR control rod
ejection accident. Therefore the approved ANF analysis methods
(Reference 21)forthecontroirodejectionaccidentremainapplicableand Eacceptable for those PWR designs that utilize the HTP spacers and IFMs. 5

*

(f) Pellet /Claddino interaction

Bases / Criteria - The design criteria for mitigating PCI fuel failures in
Section 4.2.!!. A.2(g) of the SRP are 1) cladding unifom strain shall not
exceed 1% during any A00, and 2) the fuel centerline temperature must remain Ebelow the melting point of the fuel. Both of these criteria are utilized b BANF for their PWR designs (see Sections 3.0 (b) and 4.0 (d) of this report]y
and, therefore, are acceptable for application to those PWR assemblies that
utilize the HTP spacers a'nd IFMs.

Evoluotion - The use of HTP spacers and IFMs in present ANF PWR designs
is not expected to change the PCI )ehavior of these designs. The ANF analysis g
methodologies for calculating Cadding strains and fuel melting were addressed 3in Sections 3.0 (b) and 4.0 (d) of this report and found to be acceptable for
application to those PWR designs that utilize the HTP spacers and IFMs.
Therefore, ANF's analysis methodologies for evaluating PCI are acceptable for |the subject designs.

(g) Claddino Rupture

Bases / Criteria - Zircaloy cladding will burst (rupture) under certain
combinations of temperature, heating rate, and differential pressure; con- aditions that occur during a LOCA. While there are no specific design criteria gin the SRP associated with cladding rupture, the requirements of Appendix K to
10 CFR Part 50 must be met as those requirements relate to the incidence of
rupture during a LOCA; therefore, a rupture temperature correlation must be

12
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used in the LOCA emergency core coolinkntegral (ECCS) analysis.
system ANT models

the effects of cladding rupture as an
model, as discussed in Sections 5.0 (a) and (c)part of their ECCS evaluationof this report. Therefore, weI conclude that ANf has aedressed this issue for PWR designs that utilize HTP
spacers and ifMs.

I Evoluotion - The use of HTP spacers and ifHs in ANT PWR designs will not
change ANf's analysis methods for cladding deformation and rupture. The ANF
cladding defonnation and rupture models are described in XN Nf-82-07(A),
Revision 1 (Reference 22). The NRC has reviewed XN-Nf 82 07(A), Revision 1,I and concluded that the models are acceptabic for use in LOCA analyses. The
link between cladding deformation and rupture models to the LOCA ECCS analysis
has been approved by the NRC in Reference 23. Therefore, this previously

I approved report and analysis methods therein (Reference 22) remain acceptable
for application to those PWR designs that utilize the HTP spacers and IFMs.

(h) fuel Rod Me hanical fracturino

Bases / Criteria The term " mechanical fracture' refers to a cladding
defect that is caused by an externally applied force such as a load derived

I- from core plate motion or a hydraulic load. Tnt e stresses are bounded by the
loads of a safe shutdown earthquake (S$E) and LOCA, and the mechanical
fracturing an? lysis is usually done as part of the SSE-LOCA loads analysis.
The design limit applied by ANF is that the combined stresses due to postu.

I* 1ated accidents shall not exceed the stress limits given in ASME Code,
Section 111, Appendix f for faulted conditions which are based on the cladding
yield stress. This design limit is more conservative than the SRP guidelinesI and is, therefore, acceptable for PWR designs that utilize the HTP spacers and
IfMs.

Evaluarfon - The discussion of the SSE-LOCA loading analysis is providedI in Section 5.0 (d) of this report.

5.0 FUELC00LABIL1T!

for accidents in which severe fuel damage m:ght occur, core coolability
must be maintained as required by several GDCs (e.g., GDC 27 and 35). In the

1 following paragraphs, limits and methods to assure that coolability is
3 maintained for those PWR designs that utilize the HTP spacers and ifMs are

: evaluated for the severe damage mechanisms listed in the SRP.

| ' .) fragmentation of Embrittled Claddino

Bosts/ Criteria - The most severe occurrence of cladding oxidation and

I possible fragmentation during an accident results from a LOCA. In order to
limit the effects of cladding oxidation for a LOCA, ANT has obtained approval
(Reference 23) for an acceptance criteria of 2200*f on peak cladding temper-
ature and 17% on maximum cladding oxidation as prescribed by 10 CFR 50.46.I These criteria are not affected by the use of HTP spacers and IfMs and,
therefore, these criteria remain teceptable for application to those PWR
designs that utilize ' ) spacers and ifMs.

I
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fvoluatfon . The use of the HTP spacers.and IFMS in present ANF PWR

designs will not change the analysis methods used for LOCA ECCS. Therefore,
the ANF analytical models and methods a) proved in Reference 23 for calculating
the extended cladding oxidation and peas cladding temperatures for the LOCA a
ECCS analysis remain applicable and acceptable for application to those PWR g
designs that utilize HTP spacers and IFHs.

(b) Violent Expulsion of Fuel

Bases / Criteria - In a severe RIA such as a PWR control rod ejection
accident, large and rapid deposition o,f energy in the fuel could result in a
melting, fragmentation and dispersal of fuel. The mechanical action g
associatedwithfueldispersalmightbesufficienttodestroyfuelcladding
and the roci bundle geometry and to provide significant pressure pulses in theprimary system. To limit the effects of an RIA event, Regulatory Guide 1.77 B

5
location be restricted to less than 280 cal /g. recommends that the radially-averaged energy deposition at the hottf.st axial

ANF has endorsed this
criterion for their designs (Reference 10) and it is also acceptable for a
application to those ANF PWR designs that utilize the HTP spacers and IFMs. 5

Evoluotfon - The use of the HTP spacers and IFMs does not change the
analysis methods used to calculate the radially avereged energy eposition E
from the control rod ejection eccident which is the most severe R!A for ANF a
PWR designs.

described in Reference 21, remains acceptable for application to those PWRTherefore, the approved ANF analysis methods for this analysis,* a
designs that utilize the HTP spacers and IFMs. g
(c) Claddino_Balloonino

Bases /Crfterio - Zircaloy cladding will balloon (swell) under certain
combinations of temperature, heating rate, and stress during the LOCA. There 3are no specific design limits associated with cladding ballooning, other than
10 CFR 50, Appendix K requirement that the degree of swelling not be under- 3estimated.

Evaluatton - The use of HTP spacers and IFMs in ANF PWR designs will not
change ANF's analysis methods for calculating cladding ballooning during theLOCA.

rupture temperature model for the LOCA ECCS analysis.Tne ANF cladding ballooning model is an integralpart of the cladding g
Revision 1 (Reference 22).and rupture model is addressed in the approved topical report XN NF-82-07(A),Tae cladding ballooning3

Reference 22 has adopted the NUREG-0630
(Reference 24) data base and modeling, which specifies a method acceptable to |the NRC for treating cladding swelling and rupture during a LOCA.
the approved ANF analysis methods for this analysis, described in Therefore,
Reference 22, remain acceptable for application to those PWR designs thatutilize the HTP spacers and IFHs. 3

5
(d) Fuel Assembly Structural Damage From External Forces

Soses/Criterio - Earthquakes and postulated pipe breaks in the reactor
coolant system would result in external forces on the fuel assembl .
Section 4.2 and associated Appendix A, states that fuel system coo ability

The SRP,
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|I should be maintained and that damage should not be 50 severe as to 3revent

control rod (for PWRs) insertion when required during these low pro) abilityaccidents. The ANF design basis is that the fuel assembly will maintain ai3 geometry that is capable of being cooled under the worst case accident3 (Condition IV event) and that system dama
control rod or control blade insertions. ge is never so severe as to preventThis is consistent with the design
basis presented in the SRP and, therefore, is acceptable for application toi| PWR designs that utilize HTP spacers and IFMs.

In order to assure that these design bases are met, ANF has proposed

I design limits on the stresses that can be experienced by the critical fuel
assembly components. These design limits are based on unirradiated yield and
ultimate tensile strengths, and are described in the approved topical report
XN-NF-84-97(P) (Reference 25) . ANF was questioned on tTe minimum crushin;I the lateral strength of the HTP spacer pids is substantially(Reference 7)g
load needed to collapse the HTP spacer grid. ANF responded that

greater than the
lateral strength of the bi metallic spacer grids and has provided HTP lateralI strength data for some design applications that substantiate this claim for
thesedesignapplications(Reference 1. This implies that the seismic-LOCA
crushing load of the HTP spacer is grea)ter than t1at of the bi-metallic spacerit replaces
cations or s,eismic-LOCA loading analyses to substantiate this claim.but ANF has not presented data on all possible design appli-

However,
ANF has stated that the crushing strength of each HTP spacer design will be
confirmed on a case-by-case basis that conforms to the requirements of SRPiE* Section 4.2, Appendix A. We, therefore, conclude that ANF's plant-specific's approach is acceptable and ANF has properly addressed the bases and criteria.

! as haluotfon - ANF has previously analyzed seismic-LOCA loading on various
ig fuel assemblies using the approved methodology described ',1 the approved

.

XN-NF-76-47(P)(A Reference 26).of reload fuel as)se(mblies with HTP spacers and IFMs will be performed toANF has stated that plant specific analyses;

| E demonstrate that seismic-LOCA loading conditions, as defined in Section 4.2,j 5 Appendix A, are satisfied. We agree with ANF's approach, however, licensees
using the ANF PWR assemblies with HTP spacers and IFMs along with other fuel
assembly spacer designs in the same core should address this mixed coreI situation in their analyses. Since the ANF methodology for evaluating
seismic-LOCA loading has been approved and plant specific analyses will be

! performed for HTP reload applications we conclude that the issue of seismic-E LOCA loading of ANF fuel assemblies us,ing the HTP spacers and IFNs is ade-
|

| E' quately addressed.

! l 6.0 CONCLUSIONS
t
;

We have reviewed the ANF design criteria and analysis methods proposed
for PWR assemblies that utilize the HTP spacers and IFMs, described in

!'3 Reference 1, in accordance with the SRP, Section 4.2. We conclude that these
1

3 desiga criteria and analysis methods for the HTP spacer and IFM, as described
in ANF 89-060, are acceptable for licensing applications with the exception,; -

as described in Section 5.0(d), that plant specific analysis of seismic-LOCA
loading is required during reload applications.

*
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power reestors wed it to true ene corroet to the boot of Acvenced Nuclear
Pusse Corporetten's r.n . . . Information, and be6 eof. The 66tormeteen con-
tenned heran mer tie uses t>F the UA Nuoleer Regunatory Commiesson in tie
tonow of thee reserL and unser the terms of the reseective agreements. Dy
beeneses or espeteente tpo# ore the UA Nucteer Aeguietory Commesson
we we customere of Aeveneed Nuoteer Pue6e Corporetton in theer
comenostat6on of comp 46ence with the UA Nuc6eer Mogulatory Commiselon's

* regulettone-
,

Asversted Nussear Puoes Corporarlott's werventies and recrementellone com 3
coming the subsect morter of true occument are those set forth to the agree-
ment between Advanced Nuclear "uese Corporation and the customs to
weten tme coeumont le issuesL Accomin0F . etcept et otherweee encrosseyF

proneet la such agreement, nether Aove 4ed Nucteer Puote Corporation nor
arry porean eating on its benest:

A. Mehas any warranty, or representation, empress or im.
paed, with respect to the accuracy, completenese, or
usetunnees of the information contained m thee cocu.
ment, or that the use of any information, esperatus,
metho L or procees olectosed in this oocument wtH not
6ntnnge prevete#y owned rtgrets, or

S. Assurftes arty lleollilles with retoec110 the use of. Or for
osmayee resulting from the use of, any entormation, so- W
paratus, methat', Or prDosee disclosed 66 thee occumertt.

I.
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I
GENERIC HECHANICAL DESIGN REPORTI HIGH THEPAAL PERFORMANCE SPACER AND INTERMEDIATE FLOW HlXER

I
1.0 INTRODUCTION

Advanced Nuclear Fuels (ANF) has developed two new assembly gridI designs: the High Thermal Performance (HTP) spacer and the Intermediate Flow
Mixer (IFM). The HTP is an all Zircaloy spacer which provides improved mixing,
reduced pressure drop, and increased structural strength as compared to the
ANr bi metallic design. The IFM is an all Zircaloy grid designed to be placed

I between two spacers to improve mixing. Lead assemblies with HTP grids are
under.trradiation

,

I There are several important design changes thr.t make the HTP and !FM
grids an improvement over the ANF bi metallic design. The change f rom an
inconel spring to a Zircaloy spring reduces the neutron capture cross section
of the spacers.

I
The mechanical design bases for the HTP and ifM grids are similar to the

I ANF bi metallic spacer design basesI3) The primary differences are in the.

fuel contact methods and the different stress relaxation rates.

I

I -
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.

I
I
i.

This document contains a description of the IFM and HTP spacers, a

review of the design bases, and a design evaluation based on the format of
,

Section 4.2 of the Standard Review Plan. This report only considers the HTP
and IFM spacer and assembly characteristics. The previously accepted fuel
rod and fuel assembly design methods including those for the bi metallic
spacer are given in Reference 3.,

i

, .
,

I

1

I;

,

|
t

I
,
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2.0 SUMMARY AND CONCl.USION

The high thermal performance spacer and the intermediate flow mixer
provide improvements over the ANF bi metallic spacer design.

I
'

I,

Relaxation and fretting data are used to demonstrate that the unique
spring designs of the HTP and IFM grids do not allow significant fretting of
fuel rods throughout the design life.

.

e

I '

I
I

'

I

I
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I DESIGN BASES (STANDARD REVIEV PLAN - SECTION 4.2 A)3.0

The function of the HTF and IFM assemblies is to maintain separation of
fuel rods, guide tubes, and instrument tube components: to restrain fuel rod
bowing and vibration within the fuel assembly throughout the design life of
the t'uel t to enhance coolant mixing around each fuel rodi and to resist
hydraulic, differential expansion and accident loads. This section describes
the criteria for mechanical acceptability of the designs.

3.1 Stress. Strain. and Load Limits

3.1.1 Clad Stress.

The force resulting from the maximum spring deflection shall be less than
the contact force at which the calculated contact stresses are equal to the

*

ltimate strength of the clad tube.
.*

u

,

3.1.2 Fuel Rod Axial Friction Ferce

The flow channel supporting each fuel rod and the normal spring forces i

I between the cell and the fuel rod shall be designed so as to limit fuel rod
creep induced bow due to axial friction forces.

3.1.3 Strenoth

The spacer structural components shall retain adequate strength under

I operating conditions to ensure functional operation throughout the design life
of the fuel.

The HTP spacers shall resist hydraulic, fuel rod fric t io,n ,
handling, and accident forces. The IFM's shall resist hydraulic, rod
friction, and handling forces. ,

I

3.1.4 GIi;LAt tachment iI i

The design of the HTP and IFM assemblies shall provide for attachment to I

' guide tubes, instrument tubes, or guide bars which are used to anchor each of
!the grids in the fuel assembly throughout the design life of the fuel. The

I |

I i

1.. .
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I
grid attachments shall be designed to withstand the loads due to the
differential thermal and irradiation induced expansion between the fuel rods
and the fuel assembly skeleton.

3.2 Faticue

The spacer and guide tube attachment shall be capable of preventing
failure due to cyclic stresses throughout life.

3.3 Frettina Weg
The spacer castellations forming the flow channels shall be designed to

minimize fuel rod contact stresses while assuring rod cooling.

I-

3.4 [arrosion and Hvdriding
The spacer material shall retain adequate corrosion resistance to the

primary system coolant to ensure functional operation throughout the design
life of the fuel.

I
3.5 Dimensional Recoiremenu

3.5.1 Fuel Rod Alionment

The flow channel springs shall provide for proper alignment of the fuel
rods in conformance with fuel rod pitch requirements throughout the design
life of the fuel.

I
I
!,

.
.
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.

3,$.2 112E/'JJ.ngI The caste 114 tion / springs shall be arranged in such a way as to
The flow

I mixing,

I
3.5.3 Anti.Hanoun nesion

The periphery of the HTP and IfM assemblies shall have provisions for
avoiding hangup at grid spacer locations during fuel handling operations.

I
I
I
I,

I
I

.

I
E

I
I
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4.0

DESCRIPTION /AD DESIGN DRAWINGS (STANDARD REVIEV PLAN . $ECTION 4.2 B).

The HTP spacer is an all Zircaloy.4 grid structure welded at each strip
intersection.

(

.

.

The IFM grid is an all lircaloy 4 structure similar to the HTP,

I

' '

4
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5.0 DESIGN EVALUATION (STANDARD REVIEW PLAN SECTION 4.2 C)

5.1 Strest. Strain. and toad timits

5.1.1 Clad Stress

k The stress in the clad induced by the maximum spring force shall not
F exceed the maximum allowable stress intensity of the clad.

3
'

.

,

\

5.1.2 [uel Rod Aximi Friction Force
During differential thermal and irradiation induced expansion between the

fuel rods and the fuel assembly cage, the fuel rod contact forces develop
axial friction loads in the rods. These loads can cause creep bow of the fuel
rods. The extent of bow must be projected in order to estkblish reactorI operating thermal limits.

I
. - _ _ _ - - - - - -
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i

The spring force contact mechanism of the ITM grids will behave similarly
-

; to the HTp spacer springs, Rod bow will be less of a concern in assemblies
with these grids because of their additional support of fuel rods in the fuel

j

!

|

I
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'

assembly.

I !
. ;

5.1.3 Strenoth

The strength and rigidity of the structural component material must be
adequate to provide the required fuel rod restraint for five years or morea

within the operating environment. Prrtotype spacers shall be tested to
'

confirm the expected strength performance,-
1,

F

I
g . .

Lateral crush strength tests show that the HTP spacer is stronger than
the ANF bi metallic spacer it replaces..

I
I
I

i e

\l -

I
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E$.1.4 Grid Attachment

The design of the grid assembly shall provide for, attachment of the
spacer to the fuel essembly skeleton. The attachment shall be designed to
withstand the loads due to differential expansion between the fuel rods and
the fuel assembly guide tubes. These loads are applied to the spacer through
the frictional interaction between the fuel rods and the spacer cells.

I
I

a

~

.

To provide restraint of bowing (thermal and mechanical) and vibration. '

.and to provide hydraulic and mechanical compatibility with co resident fuel
l

assemblies, the grid spacers must be appropriately spaced along the length of
'

the fuel rods in each fuel assembly.

5.2 Fatioue
| Cyclic stresses in the spacer to guide tube attachment are caused by

changes in power. A fatigue evaluation using the design curve of O'Donnell
and LangerII) shall be performed to ensure the integrity of the attachment.
The reduction in friction loads through life due to the relaxation of the

| Zircaloy channel spring forces may be considered in the evaluation.

5.3 Frettino Vene

To avotC fretting corrosion and the accompanying potential for fuel clad g
perforation throughout the design life of the fuel assembly, the grid spacer g
must limit fu'el rod vibration and provide rod support such that fuel rod wear
is minimized.

| I.

t,

;
-

I



- - _ - ___ _ -_ ___ _ _ -__ - _ _ -____---_____- _.

E

ANF 89 060(NP)(A)
Page 21

y' |

N

.

*
.

.

5.3.1 clad /scrino Interaction
Figure 5.4 is an illustration of the fuel cladding and spa:er spring in

its unloaded and loaded condition.

Figure 5.5 describes the simplified clad / spring interection where no
relaxation of the spring is taking place, in this case, the spring's unloaded
position remains unchanged. The spring will follow the cladding until it

reaches maximum rod creepdown, at which time it will stop moving.

I
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t$.3,2 Sorina Interference Analysis
. -

I
I
I
I
I.

5.3.2.1 Fluence

it is shown in Reference 11 that the relaxation of the HTP Zircaloy gspring natorial is primarily a' function of neutron fluence. Since the roi y
with the highest LHGR is also the rod with the greatest fluence, this rod is
used in the gap analysis,

i

maximum clad creepdown,

5.3.2.2 initial Sorina Deflecti2D
The minimum clad diameter and the maximum cell size are used to

+

calculate the minimum initial spring de fl e. T. These dimensions are
determined from assembly production tolerances g

5

S.3.2.3 2irenlov Relaxation

B

I
I
I
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1 -: ~ 5.3.2.4 Cladibig Creeptc '

Th1 maximum clad diam, :reepdown is calculated using R00EX2(10) with
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5.3 '' Fuel Rod lcentio Weae.

. 4

'

. .

I
The ANF bi-metallic. spacer design contains Inconel sprir,gs and Zircaloy!

dimples to restrain the fuel rod,

;

1
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8

comparable fretting tests have been performed on HTP and IFM
-i

,

j . grids
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i

5.4 Corrosion and Hydridina

The grid material must possess a high degree of resistance to locali

,

corrosion and stress corrosion cracking for five years or longer within~ the
. operating environment. Failure of structural components or connections can
result .in the loss of fuel rod restraint, which can result in local fretting
corrosion. *The same material and similar strip thicknesses to those used in
the HTP and IFM designs have been used in other ANF spacer designs without
corrosion problems.

I
I.

I
I

'

I
l
I
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| |

5.5 -Dimensional Reouirements |

5.5.k Fuel Rod Alfonment I

Fuel rod alignment shall be maintained by both the HTP spacers and |
intermediate mixers. I

i

!-|
:

|I l
|

.

'|
.

I
I
I
I

5.5.2 Flow Mixina

I
I
i
I
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I

5.5.3 Anti Hanoun Desian

Tne HTP sideplates are equipped with top and bottom lead-in tabs to
prevent catching on other reactor components and fuel assemblies during
handling and refueling. The diagonal dimension of the grid is minimized and
corner chamfers are provided so as. to resist assembly interactions duringr

I" " " " " ' -
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|, January 18, 1990
,

413

Mr. R. C. Jones, Chief
Reactor Systems Branch
Division of Engineering and System Technology
Office of Nuclear Reactor Regulation
U. S. Nuclear Regulatory Commission
Washington, D. C. 20555

,

Dear Mr. Jones:

Subject: Resoonse to NRC Ogestions on ANF-89 060fP)

| References: 1. Letter, R. C. Jones SNRC) to 'R. A. Copeland (ANF)," Request for Additions Information for ANF 89 060(P),"January 3, IP90,

2. Letter, R. A. Copeland (MI,") to Director of NRR (USNRC),
" Transmittal o i' ANF 89 060(P)," April 11, 1989.
RAC:021:63.I .

Attached are the responses to the NRC reviewer questions on ANF 89 060(P),
.

" Generic Mechanical Design Report - High Thermal Perfonnance Spacer and
E Intermediate Flow Mixer." These responses wsre requested in the Reference 13 . letter. Please consider the responses to be proprietary to ANF. The; affidavit enclosed with the- Reference 2 letter provides the information

required by 10 CFR 2.790(b) to support withholding the responses.

'If there are any- questions, er if further infoniation is needed, please
. contact me at (509) 375-8290.

Sincerely,

|ops
R. A. Copeland
Manager, Reload Licensing

skm'

Attachment

cc: Dr. S. L. Wu (NRC)
Mr. Carl Beyer (PNL)

|

|
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ATTACHMENT

- Responses To Ouestions Abpst ANF-89 060fP).

" Generic Mechanical Desion ReDort Hich Thermal.

Performance Spacer and Intermediate Flow Mixer *_

B

Question 1

What is the fabrication history of the Zircaloy-4 sheet stock that is used
to make the channel strips of the high thermal performance (HTP) spacerI and intermediate flow mixer (IFM)? How does the fabrication history and
thickness of these strips compare to those Zircaloy strips used in the
bi-metallic spacer designs?

ANF Response 1

3 The Zircaloy-4 sheet stock that is used for the HTP and IfM strip channels is
E made according to the.same material and product specifications as those used for *

the ANT bi-metallic spacer strips.

Strips fabricated by this
process have performed successfully in all of the PWRs supplied with ANF fuel,

I

'
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Pege 3

Ouestion 2

What fuel assembly examination work is planned for the lead test
assemblies that contain only the KIP spacers and those assemblies that
contain both the HTP spacers and the IFMs? Are there any fuel batches a
that are currently scheduled with these new spacers and IFMs? If so, 5

2 please provide their schedule for fuel loading,

ANF Response 2

The following table shows the lead fuel assembly programs currently u-der
irradiation and the date the initial irradiation began. ANF intends to examine a
these assemblies. However, the schedule and scope of the examinations are 5
dependent on the various reactor schedules and plans.

I
I
I
I
I
I
I
I

I
I
I
!
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- Dutstion 3

The subject topicalireport has not addressed the impact of this design
I

change- on the seismic-LOCA - analysis. How does ANF plan to address
seismic-LOCA~ analysis for this design?

'ANF Response 3
.
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agognggo,g oos no. rucnuno. n.< uossansso h@0

RAC:036:90
April 13,1990

|

I
Mr. R. C. Jones, Chlof

- Reactor Systems Branch

I Division of Engineering and System Technology
Office of Nuclear Reactor Regulation '

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

Dear Mr. Jones:

Subject: Resoonse to NRC Ouestion on ANF-89 060(P)

Reforences: 1. ANF 89 060(P), "Genotic Mechanical Dosign Report High Thormal
Performanco Spacer and intermodlate Flow Mixor," Advanced Nuclear
Fuels Corp., April 1989,

i 2. Letter, R. A. Copeland (ANF) to Director of NRR (USNRC), ' Transmittal of
ANF 89-060(P),* April 11,1989. RAC:021:89.

| Attached are the responses to two additional questions asked by the reviewer of the ReferenceB
1 topical report. He asked these questions during a telephone conversation on April 11,1990.
We intend to combine these responses with tho (A) version of the report when that version is

I issued. Please considor the responses to be proprietary to ANF The affidavit enclosed with the
Rotorence 2 leFer provides the information required by to CFR 2.790(b) to suppon witht.oldingthe responses,

if there are any questions, or if further Information is noodod, p!oaso contact me at (509) 375-8290.

Sincoroly,

h byk) '

R. A. Copoland
Manager, Reicad Licensing

/skm
Attachment

ec: Dr. S. L Wu (NRC)
Mr. Carl Boyer (PNL)

.
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BfSPONSES TO ADDmONAL COMMENTS AND QUESTIONS

ON ANF;90-060(P)

1. On page 5, Section 3.1.1, the cladding stress is limit is given as the ultimate strength of
the tube. This limit is different than the previous limit. Please explain.

Response

The cladding stress from the spacer force is treated as a primary bending stress.I Therefore, the limit should have been the yield strength or half the ultimate strength, as
previously used, cnd should have been not the ultimate strength.

I
2. On page 21, Section 5.1.4, second paragraph, please provide additional description of

the guide tube attacnment for the large guide tube CE type designs.

Rosconso

I
,

-
.

*
a
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!

June 11,1990
i

| RAC:062;90

5
i

Dr. S L Wu
{ Reactor Systems Brmchg- Division of Engineering and System Technology
,3 Office of Nuclear Reactor Regulation
| U. S. Nuclear Regulatory Commission
'm Washington, D C. 20555g

Dear Dr. Wu:

AdditionalInformation Succortino ANF 89-060(P)

Reference:
Letter, R. A. Copeland (ANF) to Director of NRR (USNRC), Transmittal of ANF 89-

11,1989, ' RAC:021:89, |
-

060(P)," April

Attachod are the responses to three additional questions askod by the reviewerj
concorning the topical report ANF 80 060(P). Wo intend to combino thoso responses with tho5
(A) vorsion of the report when that vorsion is issuod, Please considor the information in thow|

I

the information required uy 10 CFR 2,790(b) to suppcrt withholding the responsos. responses to be proprietary to ANF, The affidavit enclosed with the reforonced lottor providedI

If there are any questions, or if further taformation is noodod, pleaso contact mo at (509)g 375-8290.
!g
( Vo.y truly yours.

Yp. ilk
R. A. Copeland
Manager, Roload Uconsing

. /skm

cc: Mr. R. C, Jones (USNRC)

I. Mr. Carl Boyer (PNL)

A Siemens Compunt

I
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I
L.

r

ATTACHMENT

a Discussion of ANF 89 060,"Goneric Mechanical
Design Roport, High Thermal Performanco

Spacer and Intermediato Flow Mixer"

.questlon_1

An ascosament of the effect of the chango from bi motallic s
Zircaloy.4) to all Zircoloy 4 high thermal performanco spacers, pacers (inconal and
assembly growth behavior le requestod. on the fuel rod and

ANF Responso 1

The differential expansion betwoon fue_I rods and tuoi assembly guido tubos during roactor
heatup and cooldown can introduce axial stresses in the iuoi rods and guido tubos

of clad, guido tubos, spacers and guide tubo / spacer attachments; and tho frictional forcestressos are a function of the temperature difference betwoon rods and guido tubos; the flexibility
. Thoso

betwoon the spacors and the fuel rods,

.

__ - -- -------
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Pages 9 - 12 have been dolotod.
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Page 13

-

Question 2 -

Shouldn't the maximum 95/95 wear rate be considered in design projections sinco
no operational body of data exists for these spacers?

I
ANF Rosponse 2

I
I
I '

I
I
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