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NUCLEAR REQULATORY COMMISSION REPORT DISCLAIMER

IMPORTANT NOTICE REGARDING CONTENTS AND USE OF THiS
DOCUMENT

PLEASE HEAD CAREFULLY

This technical report was derived through research and deveiopment pro.
grama sponsored by Advanced Nuclear Fueis Corporation. It I8 being submit
tec by Advanced Nuciear Fuels Corporation 10 the U.S. Nuclear Regulatory
Commission as part of a technical contridution 1o faciiitate salety analyses
by licensaes of the U.S. Nucisar Regulatory Commission which L tilize Ag-
vanced Nuciear Fuets Corporation-fadricated reload i or other technical
services provided Dy Advanced Nuclear Fueis Com.oradon 1or lignt water
power reactorns and It s true and correct 10 the best of Advanced Nuciear
Fusls Corporetion s knowledge, information. ano belie! The information con
tained herein may be used by the U.S. Nucieer Reguiatory Commission in iis
review of this report, and under tha terms of the respective agreements by
licensees or applicants detore the US Nuciear Reguiatory Commission
which are customers of Advanced Nuclear Fueis Corporation 'n their
demaonstration of compliance with the U.S. Nuciear Reguiatory Commiasion's
reguiations.

Agvanced Nucinar Fuels Corporation's warranties and representations con
ceaming the aubject matter of this document are those se! torth in the agree
ment between Advanced Nuciear Fueis Corporation and the customsr 1o
which this document is isaued. Accordingly. excep! as oth@rwise axpresst
provided in such agreement, nelther Advanced Nuclear Fueis Corporution nor
any person acting on its behalt:

A Makes any warranty of representation. exprass or im.
plied, with raspect 10 the accuracy, completeness, or
usefuiness of the intormation contained in this decu-
ment, or that the use of any informalion apparatus
methad, or process C.aciosed (n thia document wiil not
infringe privataly owned rights, or

8. Assumes any labilities with reapect 1o the use of or for
damages reaulting from the use of any information. ap-
paratus. method. or Pprocess disciosnd in this document
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1.0 INTRODUCTION

The Advanced Nuclear Fuels (ANF) Corporatior has submitted a topica)
report (Reference 1) entitled “"Generic Mechanica) Dcsign Report High Therma)
Performance Spacer and Intermediate Flow Mixer " ANF-89-60(F), to the U.§,
Nuclear Regulatory Commission (NRC) for review and approval. This report
describes two new pressurized water reactor (PWR) fuel assemdly grid spacer
designs: the High Therma! Performance (HTP) spacer and the Intermediate Flow
Mixer (IFM), The HTP is an 811 Zircalcy spacer which provides improved
mixing, reduced presrure drop, and increased structural strength compared to
the previous ANF bimetallic spacer design. The [FM is au all Zircaloy grid
designed to be placed between HTP spacers for improved mixing of the coolant,

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

This review was based on the licenc<ing requirements identified in
Section 4,2 of the SRP (Reference 2). The objectives of this fue) 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 normal
operation and anticipated operational occurrences (A0Os), 2) the number of
fuel rod failures is not underestimated for postulated accidents, 3) fue)
system cdamage is never so severe as to prevent control rod insertion when it
is required, and 4) coolability is alwavs maintained. A “not damaged" fue!
system is defined as one wherein fuel rods do not fail, fue) system dimensions
remain within operational tolerances, and functional capabilities are not
reduced below those assumed in the safety analyses. Objective 1, above, is
consistent with General Design Criterion (GDC) 10 (10 CFR 50, Appendix A)
(Reference 3), and the design limits that accomplish this are called specified
acceptable fuel design 1imits (SAFOLs). “Fue) rod failure" (Objective 2)
means that the fuel rod leaks and that the first fission product barrier (the
cladding) has, therefore, been breached. Fuel rod fatlures nust 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
\Objective 3) and core coolability (Objective 4) appear repeatedly in the GOC

e.?.. GOC 27 and 35). Specific coolability requirements for the 10sg-of«
coolant accident (LOCA) are given in 10 CFR 50, Section 50.46 (Reference 5),
“Coolability," which is sometimes termed "coolable eometry," means, in
general, that the fue) assembly retains it rod-bund?e geometrical configur-

ation with adequate coolant channels to permit removal of residual heat even
after a severe accident.

In order to assure that the above stated objectives are met and fo))ow
the format of Section 4.2 of the SRP, this review covers the following three
major categories: 1) Fuel System Damage Mechanisms, which are most applicable
to normal operation and A0Os: 2) Fue)l Rod Failure Mechanisms, which apply to
normal operation, AOOs, and postulated accidents; and 3) Fuel Coolability,
which 1s applied to postulated accidents. Specific fuel damage or failure
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strain limit for cladding strains used by ANF is acceptable and a separate
strain 1imit for the HTP and IFM spacers is not necessary. )

Evaluation « The use of HTP spacer and IFMs will not impact the analysis
of cladding strains for PWR fuel assembly designs., Therefore, ANF's
previously approved analysis methods described in References 10 and 14 for
calculating claddin? strains are also acceptable for application to those PWR
assemblies that utilize the HTP spacers and 1FMs.

(c) Strain Fatigue

Bases/Criteric - The principle concern for strain fatigue in the KTP and
IFM sracers is due to cyclic stresses on the weld or mechanica) Joint between
the spacer and xutde tubes. A welded joint between the spacer and guide tubes
s used on all ANF fuel designs except those fuel assembly designs that use
large guide tubes. For those ANF fuel assemb)ies with large (multie-cell)
quide tubes (Reference 8), ANF will use mechanical joints in HTPs and IFMs in
place of the weld joints, The cyclic stresses on the welded or mechanica)
Joints are caused by friction between the spaccr springs and fuel rods as a
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
loads for each fuel rod in the grid cells. The minimum strength criteria of
the we . d 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 testec to demonstrate that they are within the specified minimum
strength critoria. 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
buckle before the mechanical joints fail.

The 0'Donnell and Langer design curve for strain favigue (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 "FMs are conservative and, therefore,
acceptable for ANF licensing applications.

Evoluation - ANF's use of a conservative number .f cyclic stresses in the
weld and mechanical joints and the use of the O'Donnel) 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) Fretting

Bases/Criteria - The ANF design basis for freiting 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 fue! rod in the flow channel and
also limit the rod vibration and, therefore, rod fretting. However, ine
reactor irradiation of the HTP and IFM Zircaloy springs wil) result in
relaxation 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
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relax faster and tt a greater degree than the Incone)l springs
previous bimetallic grid spacers, which wi)

the previous C‘.i_’.\‘;"

springs and the fue! r
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F has established a limit on the cl tl'd”’e petween the spacer springs
fuel rods in order to control fuel rod ration and fretting wea
based on t'e‘r out=rtf-reactor wear testa af: In=reactor experience

Clude that ANF's design basis for fretting wear and limit on clearance
between the ﬁ'i"e springs and fuel rods are acceptable for

5¢ PWR designs that utilize the HTP spacers and IFMs.

Evoluotion - ANF has proposed an analysis methodology for predicting the
fretting wear due to the clearanc e between the HTP and IFM spacer spring
fuel rods. This analysis methodo OQy 15 Dased 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

The ANF calculation of the interference fit or clearance (that occurs
near the EOL) between the fuel *? and spacer springs is performed using the
RODEX2 cladding creepdown mode) / & conservative model for Zircaloy st
relaxation, and the minimum cravawrg drameter and maximum cell size of tt
spacer that are determined fror assembly fabrication tolerances. The AN
calculation of c‘QSf'*g diameter decrease with burnup utilizes the best
estimate RODEX2 cladding creepdown model. However, ANF has used conservati

input values to RODEX2 for cladding wwchkwf"at.vu, rod pressurization, fue

Jeﬁswf'c:tto' and linear heat generation rate in order to ;r;v‘;e a conserva-

tive prediction of cladding creepdown and, t”ereffre maximum clearance wit!

the spacer spring., The ANF calculation of 21 rca Oy spring relaxation for the ‘
HTP spacer and IFM utilizes a mode) that 1s a function of temperature and fast

(E >»1 MEV) fluence This ANF model is based on exp erimental Zircaloy spring

data from a reactor . th a fast flux greater than that typical of commercial

PWRs. ANF has applied this data without a correction for the differences ir

fast flux between the data and their PWR application. The lack of correction

of this data is judged to result in a conservative spring relaxation mode) :
because lircaloy creep and spring relaxation Increases with fast flux for a

.

given temperature and ?‘ueﬂfe, 1.e., the data used

G Dy ANF will predict greater
spring relaxation than would be expected for a PWR fast flux &t a given
temperature and fluence. Therefore, we conclude that ANF's cladding creeg
down and spring relaxation models as applied in Reference 1 for determinir

the interference fit or clearance between the fuel rod and spacer springs for
the HTP Sic;t"b and "FY, are conservative and applicable for the analysis of
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ANF utilizes the above analysis methods for evaluating maximum fue! rode
to-spacer spring clearance and upper bound fretting wear in those PwR
assemblies with HTP spacers and 1FMs as a function of time in reactor. This
methodology uses inciumenta) time steps to calculate clearance and fretting
wear for each time step and adds their incremental amounts until EOL for the
assembiy. The maximum calculated fretting wear is then included in their
evaluation 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 [FMs.,

(e) External Corrosion and Crud Buildup

Bases/Criteric - 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, gecause 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
acceptable for previous ANF PWR designs and is also acceptable for those PwR
designs that utilize HTP spacers and IFMs,

Evoluation - The use of the HTP spacers and I1F™, in ANF PWR designs 1is
not expected to significantly change the ciaauing corrosion of these designs
and, in fact, may reduce cladding corrosion due to the increased flow mixing
resulting from these new spacers. Therefore, the ANF analytical methods for
application to PWR designs that are approved in Reference 10 remain acceptable
for those PWR designs that utilize HTP spacers and IFMs,

(f) Rod Bowing

Bases/(riterig - Fuel and burnable poison rod bowing is a phenomenon that
alters the design pitch dimensions between acjacent rods. Bowing affects
local nuclear power peaking and the local heat transfer to the coolant.
Rather than placing design limits on the amount of bowing that is permitted,
the effects of bowing are included in the cladding overheating analysis,
Section 4.0 (C) of this report, by limiting fuel rod powers when bowing
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 (ONBR) and above which no reduction in DNER 15 neces-
sary. This approach is consistent with Section 4.2 of the SRP, and the NRC
has approved this for application to current ANF PWR designs (References 10
and 16). We conclude that this approach is also acceptable for ANF PWR
designs that utilize the HTP spacers and IFMs,

Evaluction - ANF has described their approved analytical mode! 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 furces than the
previous ANF bimetallic spacer springs, but these Zircaloy spacer springs wiil
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relax faster than the bimetallic spacer springs, see Section 3.0 (d) Evalu-
ation. As a result of ANF unaI{ses of HTP Zircaloy spring relaxation, the rod
bowing for those assemblies with the HTP spacer grids are expected to be less
vy mid-to-end-of-1ife than the rod bowing in previous ANF PWR assemblies with
bimetallic ?rid spacers. Therefore, ANF has concluded that the use of their
current analytical mode)l and rod bowing data will conservatively bound rod
bowing for those assemblies with HTP spacers.

ANF has nnted that those assemblies utilizing the IFMs between two HTP
spacers will decrease the span length by one-half and, therefore, decrease the
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 that
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
1¥Ms .

(g) Axial Crowth

Bases/Criteria - Those components equiring 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 rods

and the upper and lower assembly tie plates, and 2) clearance between the
assembly tie plates and core internals.

The ANF design basis for PWR fuel rod and assembly clearances is that
clearance between the upper and lower tie plates and tie 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 the
assemblies desijn 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 mode)s and methods for predicting PWR
fuel rod and assembly growth have been described in References 10 and 17. The
ANF calculation of clearance between the fuel rods and the upper and lower
assembly tie plates is performed by taking the worst-case as-fabricated
dimensions and utilizing a conservative upper-bound rod growth curve and a
lower-bound assembly growth curve. The ANF calculation of clearance between
the assembly tie plates and core internals also uses worst-case dimentions 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 and
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,




18 whether the models are applicable to PWR assemblies with the new HTP (al)
Zirzaloy) spacers and IFMs.

As noted earlier in Section 3.0 (f) on Rod Bow, the HTP (Zircaloy) spacer
spring starts off with a higher friction force early-inslife than the b1«
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 fue)
rods than the earlier bimetallic spacer. The spacer springs introduce a com.
pressive friction force on the fuel rods but they introduce a tensile force on
the guide tubes, The tensile force on the guide tubes is because the fue)
rods have greater axial therma) expansion than the guide tubes that are
attached to the spacer grids. The friction forces on the fuel rods at
beginnin?-of-life from either the HTP cr bimetallic spacer springs are
relative { small, Even when the tota) forces from the six equally spaced grid
Spacers aiong the length of the fuel rods are combined, the total compres:ive
stresses on the rods are sti)) relatively small, There has been no observed
effect on rod growth as a result of changes to a Zircaloy spacer spring.

The tensile forces on the guide tukbes due to the spacer spring friction
forces with the fuel rods are relativeiy 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, The
influence of axial forces (stresses) on guide tubes has bee: shown to have a
measurable effect on PWR assembly growth (Reference 10). In addition,
nestinghouse has observed a decrease in assembly growth as a result of their
design change to an alleZircaloy spacer grid (Reference 18).

ANF was questioned on whether their 1) axia) assembly or wth analyses for
the HTP spacers nad taken into account the lower time averege gJuide tube
tensile stresses for these assemblies versus their ear)ier ssembly designs
with bimetallic spacers and 2) whether their axia) guide t..e growth data from
assemblies with bimetallic Spacers either bounded or matcied those time
dveraged tensile and compressive stresses expected for t'e guide tubes with
the HTP spacers, ANF has responded that

: ,_although tre dDimetallic spacer
Springs did not relax as fast as the new Zircaloy spacer springs, the former

spacer springs did relax to a significant degree after one Cyc?e of irradi-
ation such that the axia) tensile forces on the guide tubes were only a smal)
fraction of beginning-of-1ife forces (Reference §). Therefore, ANF claims
that while the axial tensile forces on guide tubes with their bimetallic
spacers are greater than those with their Zircaloy spacers, the absolute
differences in the tensile forces between bimetallic and Zircaloy spacer
springs are not significant enough to have a significant effect on guide tube
growth. ANF has further stated that this conclusion will be verified “with
additional monitoring of HTP fue) assemblies."

We conclude that ANF's use of their PWR rod and assembly growth models
based on data from fue) designs with bimetallic spacers are expected to remain
applicable to those PWR fuel designs that utilize the HTP spacers and [FMs
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 growth
in these assemd)ies,
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Boses/Criterio - Rod internal pressure 15 a driving force f¢
than a direct mechanism of, fuel system damage that could contri
108s 0T dimensional stability and ¢ adding integrity., Section 4
presents a rod pressure limit that is sufficient tc preclude fue
this regard, and it has been wide y used Dy the industry; it stat
internal gas pressure should remain below the nominal systen pres

, \

normal 10h, uniess otherwise justified. ANF has e

interna! pressure limits other than those provided in th

\ Ve 3 . B “\
limit above system pressure for fuel designs has been jus*ified
Reference 10, In adition, ANF has imposed a second )imit (Refere
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9 gap to remain closed during constant a
rod nower operation under normal reactor operating conditions
rod pressure exceeds the

.

S
designe are presented in S

k requires the fuel-claddin

ystem pressure. These ANS limits for |
upplement & of AN«NF-82-06(P) (A), Revis

W ¥ >
(Ref:-rzace 10) and have been reviewed and accepted by the NRC., W
L@t these limits are also acceptable for ANF PWR assemblies with

spacers and |FMs

Evaluation - The use of the HTP spacers anc IFMs in ANF PWR
7 not change the current ANF analyses methods used to calculate rod
pressures ,.or are they expected tc change the results of these ar
Therefore, the approved ANF analytical models and methods defined
Reference 10 for ca culating rod internal pressures remain accept:

- - ¢ X W P enar ] 1
those designs that utilize P spacers ana |FMs

\1) Assembly Liftoff
Bases/Criteria - The guidelines in Section 4.2 of the SRP to
A assembly liftcff are that wo ~Case hydraulic loads during
and ADUs should not exceed the hold-down capabiliity of the fuel a
: (which incCludes wet weight and hold-down spring forces). ANF ha
stated (Reference 10) that “t assembly hold-down spring must
ab111ty to counteract the nydraulic force through life.' ne C
e consistent with the above SR} requirement and this criteria h:
Préeviousiy approved by the NRC (Reference 10) for ANF PWR designs
consider this to bhe acceptable for PWR assemblies that utilize HT
[FMs,
Evoluation - The uce of the HTJ spacers and IFMs in present
designs are expected to have only a minor effect o assembly ft
Assembly liftoff is a function of plant coolar assembly pr
NOid«down s ng rorces assembiy waeight and na af e
measured the pressure drop across the HTP spac i 1FMs and tt
- De to contirm that assemb)y TLOTT w not oCcur A
method y Tar.evaluating PWR assembly ftof Reference |
appiicable anc therert '(V acceptabie for apt cation to those
P ut ze HTP spacers and 1FMs




(J) Contro) Materia) Leaching

Boses/Criterio « The SRP and GDC reg.: re that reactivity control be
maintained. Rod reactivity may be lost by ‘eaching of certain poison or
control materials, plrticu{lr\y those materials contaiicing boron, 1f the
cladding of control«beariry material has been breached.

Evoluotion « Thiz veview does not involve PWR contrel rods and, theres
fore, this fssue wil)l not be discussed further.

4.0 FUEL BOD FAILURE

Fuel rod failure thresholds and methods for analyzing the failure
mechanisms 1isted in the SRP are reviewed in the fellowing, Wwhen the tailure
thresholds are applied to normal operation 1nc\udin2 AOOs, they are used as
limits (and hence SAFOLs) since fuel failure under those conditions should not
oceur accordin? to GDC 10 (Reference 3). When the 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 (Reference 4). The basis
or reason for establishing these failure thresholds s, thus, established by
GOC 10 and 10 CFR 100, The threshold values, &nd the methods used to assure

that they are met, for PNR assemb)ies that utilize the HTP spacers and |FMs,
are reviewed fn the following.

(a) Mydriding

Boses/Criterio « The release of hydrogenous impurities inside the fue)
rod can result in premature cladding failure due to the formation of hydride
blisters and reduced ductility. Interna) hydridin . 4% a ¢ladding fatlure
mechanism, s preciuded by controilinY the leve! of moisture and other
hydrogenous impurities during fuel pellet fabrication, The ANF fabrication
1imit (Reference 10) for total hydrogen in fuel pellets 15 more stringent than
the ASTM 1imit cited in the SRP and, thus, 15 acceptable for application to
those ANF PWR designs that utilize the TP spacers and 'iMs,

Evaluotion « 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 impurit{ level of ANF fyue)
peilets by taking & statistica) sample of the fabricated pellets and measuring
total hydrogen content to assure that it is below the ANF Timit
(Reference 10), This method for controlling hydrogenous fmpurities in ANF

fuel rods remeins accepiab’e for applicatior, to those ANF PWR designs that
utilize the NTP spacers ond IFMs, '

(b) Cladding Collapse

Boses/Criterio « If axia) gaps in the fue) pellet column were to occur
due to densification, the cladding would have the potential of collapsing inte
a gap, 1.e., flattening, OSecause of the large ioca! strains that would result
from collapse, the cladding is assumed to fail. ANF's design criteria for
preventing cladding collapse has been reviewed and accepted Dy the NRC in the
review of XN-NF-82.06, Revision | (Reference 10). Because the clagding for

10



PWR assemblies utilizing the HTP spacers and 1FMs fs the same as for previous
PWR designs, we conclude that this criteria is also applicable for PWR designs
using the WTP spacers and 1FMs,

Evoluotion « The use of HTP spacers and IFMs in ANF PWR designs will not
change ANF's analysis methods for calculating cladding collapse. ANF uses the
approved RODEX2 and COLAPX codes (References 14 and | ) c1on? with a method-
ology described in Reference 10 to predict cladding creep collapse for their
PWR fuel rods. The RODEX2 code is used to provide initia) in-reactor fuel rod
conditions to COLAPX, e.g., fue! densification, ra.ial fuel-cladding gap size,
fin ?cs pressure, and cladding temperatures. Tne COLAPX code calcy)ates
¢ladd n? ovality changcs (flattening) and creep deformation of the cladding as
o function of time. Fuel densification and cladding creep are the two most
important physical phenomena in the enalysis ¢” claZiing collapse, Ase
fabricated fuel and cladding dimensions are also important in this analysis,
Both the physical phenomena and dimensions are controlled in the fue) and
cladding fabrication and their affect on cladding collapse are accounted for
by ANF usino the methodology described in Reference 10. These codes are also
acceptable for application to those ANF PWR designs that utilize the WTP
spacers and IFMs because the fuel and cladding fabrication have not changed
from the previous designs.

(¢) Querheating of Cladding

Bases/Criterio « At indicated in the SRP, Section 4.2,11.A.2 {(d), 1t has
been traditiona! practice to assume that failures will occur 1f the therma!
margin criterion is violated, For PWR fue), therma) ma~gin 1s stated in terms
of DNB. The ANF design 1imit for the prevention of fus! fallures due to over.
heating of the cladding in PWRs 15 that there will be <1 (east a 95% proba-
bility at a 955 confidence level that DNB will not eccur oo the most limiting
fue! rod during normal operation and ADOs, This ““F criterion satisfies the
intent of the SRP and, thus, is scceptable for apniication to those ANF PWR
designs that utilize the WTP spacers and IFMs,

Evoluation « ANF has presented their DNB analysis methodology for those
assemblies that utilize the HTP spacers and 1FMs in & separate topical report
(keference 20) that was approved y the NRC. Therefore, the ANF DNB analysis
methodology for designs that utilize the WIP spacers and IFMs has been
addressed in the appruvec Reference 20. it is noted that the most limiting
rod used for DNB analgses must also include the effects of rod bowing |see
Section 3.0 (f)] in these analyses,

(d) Overheating of Fuel Peilet

doses/Criterio « As a second criterion for avoiding cladding failure due
to overheating, ANF precludes fue) centerline meiting for normal operation an
AOOG. This design limit is the same as given in the SRP, Section 4,2.11.A.2

(e;, and, therafore, is acceptable for PWR designs utilizing the HTP spacers
and [FMs,

Evoluotion « The use of HTP spacers and I1FMs in ANF PWR designs will not
vhange ANF's analy<is methods for calculating fuel centerline melting for

11



normal operation and ADOs. Therefore, the ANF analysis methods described in
the approved topical reports XN«NFeBl«S8(P)(A) and XM«NF«B2-06(P) (A)
(Reference 14 and 10) for calculating fuel centerline melting in PR designs

remain acceptable for application to those designs utilizing HTP spacers and
1FMs ,

(e) Excessivg Fuel Enthalpy

Boses/Criteria - The SRP guidelines for a severe reactivity initiated
accident (RIA) in a PWR, Section 4.2.11.A.2(f), state that "at zero or low
power, fuel failure fs assumed to occur {f the radially averaged fue) rod
enthalpy 1s greater than 170 cal/g at any axial location,* i.e., a power
excursion beginning at low or zero power, The 170 cal/g enthalpy criterion {s
primarily intended to address cladding overheating effects, but it also
“irectly addresses PCl of the type associated with severe RIAs. The severest
RIA for ANF PWR designs is the control rod ejection accident boginn1ng at low
or rero power. ANF utilizes this SRP guideline for evaluating fuel failure
due to excessive fuel enthalpy and, therefore, this is acceptable for those
ANF PWR designs using the HTP spacers and IFMs,

Evolugtion - The use of HTP spacers and 1FMs in present ANF PWR designs
will not change the analysis methods used by ANF for the PWR contro) rod
ejection accident. Therefore, the approved ANF analysis methods
(Reference 21) for the control rod ejection accident remain applicable and
acceptable for those PWR designs that utilize the KTP spacers and 1FMs,

(f) Pellet/Cladding Interaction

Boses/Criteria « The dcsign criterfa for mitigating PCI fue) failures in
Section 4.2.11.A.2(9) of the SRP are 1) cladding uniform strain shal)l not
exceed 1% during any AOO, and 2) the fuel centerline temperature must remain
below the moltinx point of the fuel. Both of these criteria are utilized by
ANF for their PWR designs [see Sections 3.0 (b) and 4.0 (d) of this report]
and, therefore, are acceptable for application to those PWR assemblies that
ut1i1:c the TP spacers and I1FMs,

Evaluotion - The use of HTP spacers and IFMs in present ANF PWR designs
s not expected to change the PCI behavior of these designs. The ANF ana ysis
methodologies for calculatin r'adding strains and fuel melting were addressed
in Sections 3.0 (h) and 4.0 ?d) of this report and found to be acceptable for
application to those PWR designs that utilize the HTP spacers and 1fMs.
Therefore, ANF's analysis methodologies for evaluating FCI are acceptable for
the subject designs.

(9) Cladding Rupture

Boses/Criterio « Zircnlog cladding will burst (rupture) under certain
combinations of temperature, heating rate, and differential pressure; con-
ditions that occur during a LOCA. While there are no specific design criteria
in 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






Evoluation « The use of the WP ‘pacers and IFMs in present ANF PWR
cesigns will not change the analysis methods used for LOCA ECCS, Therefore,

the ANF analytical models and methods approved in Reference 23 for calculating

the extended ¢ladding oxidation and peak cladding temperatures for the LOCA

ECCS ana\Ksis remain applicable and acceptable for application to those PwR
designs that utilize NTP spacers and IFfMs,

(b) yiglent Expulsion of Fuel

Boses/Criterio « In a severe RIA, such as a PWR contro) rod ejection
accident, large and rapid deposition of onervy in the fuel could result in
melting, fra?mentation. and dispersal of fuel. The mechanical action
associated with fuel dispersa) might be sufficient to destroy fue) cladding
and the rod-bundle geometry and to provide significant pressure pulses in the
primary system. To 1imt the effects of an R A event, Regulatory Guide 1.77
recommends that the radially-averaged onor?y deposition at the hottrst axial
location he restricted to less than 280 cal/g. ANF has endorsed this
criterion for their designs (Reference 10) and 1t is a)so acceptable for
application to those ANF PWR designs that utilize the WTP spacers and [Fms,

Evaluotion « The use of the WTP spacers and IFMs does not change the
analysis methods used to calculate the radially-avercged energy rfeposition
from the control rod ejection accident which is the most severe RIA for ANF
PWR designs. Therefore, the approved ANF analysis methods for this analysis,
described in Reference 21, remains scceptable for application to those PR
designs that utilize the WTP spacers and 1FMs,

{€) Cladding Ballooning

Boses/Criterio - Zircaloz cladding will balloon (swell) under certain
combinations of temperature, eating rate, and stress during the LOCA, There
are no specific design 1imits associated with ¢ladding ballooning, other than

10 CFR 50, Appendix K requirement that the degree of swelling not be under.
estimated.

Evaluation « The use of WTP spacers and IFMs in ANF PWR designs will not
change ANF's analysis methods for calculating cladding ballooning during the
LOCA. The ANF cladding ballooning mode! is an integral gart of the cladding
rupture temperature mode! for the LOCA ECCS analysis. The cladding ballooning
and rupture mode) is addressed in the approved topical report XN«NF-82.07(A),
Revision | (Reference 22) . 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, Therefore,
the approved ANF analysis methods for this analysis, described in

Reference 72, remain acceptable for applicetion to those PWR designs that
utilize the HTP spacers and 1FMs,

(d) Fuel Assembly Structura) Damage From External Forces

Boses/Criterio - Earthquakes and postulated pipe breaks in the reactor
coolant system would result in external forces on the fuel assembly, The SRP,
Section 4.2 and associated Appendix A, states that fue) system coolability

14
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should be maintained and that damage should not be so severe as to prevent
control rod (for PWRs) insertion when required during these low probability
accidents. The ANF design basis 1s that the fue) assembly will maintain a
eometry that is capable of being cooled under the worst case accident
?Condition 1v ovontg and that system damage 1s never so severe 45 to prevent
control rod or control blade insertions, This is consistent with the design
basis presented in the SRP and, therefore, is acceptable for application to
PWR designs that utiiize WTP spacers and [FMs,

In order to assure that these design bases are met, ANF has proposed
design 1imits on the stresses that can be experienced by the critical fue!
assembly components. These cesign limits are based on unirradiated feld and
ultimate tensile strengths, and are described in the approved topical report
XN=NF-B4-97(P) (Reference 25). ANF was questioned on the minimum crushing
load needed to collapse the HTP spacer grid. ANF responded (Reference 7) that
the lateral strength of the WTP spacer (71ds 1s substantially greater than the
lateral strength of the bi-meta)lic spacer grids and has provided HiP latera)
strength data for some design applications that substantiate this claim for
these design applications (Reference 1). This implies that the seismic«LOCA
crushing load of the WTP spacer is groator than that of the bi-metallic spacer
it replaces, but ANF has not presented data on all pessible design applie.
cations or seismic-LOCA loading analyses to substantiate this claim, However
ANF has stated that the crushin? strength of each HTP spacer design will be
confirmed on a case-by-case basis that conforms to the requirements of SRP
Section 4.2, Appendix A, We, therefore, conclude that ANF's plant-specific
approach s acceptable and ANF has properly addressed the bases and criteria.

Evoluotion « ANF has previously analyzed seismic«LOCA Toading on various
fuel assemblies using the approved methodology described ' 1 the approved
XN«NF76 47(P)(A) (Reference 26). ANF has stated that plant specific analyses
of reload fuel assemblies with HTP spacers and IFMs will be performed to
demonstrate that seismic+LOCA loading conditions, as defined in Section 4.2,
Appendix A, are satisfied, We agree with ANF's approach, however, licensees
using the ANF PWR assemblies with WTP spacers and IFMs along with other fue)
assembly spacer designs in the same core should address this mixed core
situation in their analyses. Since the ANF methodology for eva1uatin?
seismic-LOCA loading has been approved and plant specific analyses will be
performed for HTP reload applications, we conclude that the issue of seismice

LOCA loading of ANF fue) assemb)ies using the HTP spacers and 1FMs is ade-
quately addressed.

6.0 CONCLUSIONS

We have reviewed the ANF design criteria and analysis methods proposed
for PNR assemb)ies that utilize the HTP spacers and IFMs, described in
Reference 1, in accordance with the SRP, Section 4.2, We conclude that these
desiga criteria and analysis methods for the HTP spacer and IFM, as described
i ANF-89-060, are acceptable for licensing applications with the exception,
s described in Section §.0(d), that plant specific analysis of seismic-LOCA
loading is required during reload applications.

15
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GENERIC MECHANICAL DESIGN REPORT
HIGH THERMAL PERFORMANCE SPACER AND INTERMEDIATE FLOW MIXER

1.0 INTRODUCTION

Advanced Nuclear Fuels (ANF) has developed two new assembly grid
designs: the High Therma) Performance (NTP) spacer and the Intermediate Flow
Mixer (IFM). The HTP {5 an all Zircaloy spacer which provides improved mixing,
reduced pressure drop, and increased structural strength as compared to the
AN" bi-metallic cesign. The IFM is an al) Zircaloy grid designed to be placed
between two spacers to improve mixing. Lead assemd)ies with WTP grids are
under irradiation

There are several important desigu changes that make the HTP and |FM
grids an improvement over the ANF bi-metallic design. The change from an

Inconel spring to a 2Zircaloy spring reduces the neutron capture cross-section
of the spacers.

The mechanical design bases for the MTP and IFM grids are similar to the
ANF bi-metallic spacer design bascs(s). The primary differences are in the
fuel contact methods ani the Jifferent stress relaxetion rates.
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This document contains a description of the IFM and MHTP
review of the design bases, and a design evaluat
Section 4.2 of the Standard Review Plan. This report only considers the WIP
and IFM spacer and assembly characteristics. The previously accepted fue)
rod and fuel assembly design methods including those for
spacer are given in Reference 1.

spacers, a
on based on the format of

the bdi-metallic
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2.0 SUMMARY AND CONCLUSION
The high therma) performance spacer and the intermediate
provide improvements over the ANF bi-metallic spacer design

Relaxation and fretting data are used to demonstrate that
§pring designs of the HTP and IFM grids do not all

¢ Ow significant

fuel rods throughout the design )ife

Page 3

the unigue

fretting of
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3.0 DESIGN BASES (STANDARD REVIEW PLAN - SECTION 4.2 A)

The function of the WTF and IFM assemb)ies 1s to maintain separation of
fuel rods, guide tubes, and instrument tube components; to restrain fuel rod
bowing and vibration within the fue! assembly throughout the design life of
the "uel; to enhance coolant mixing around each fuel rod; and to resist
hydraulic, differential expansion and accident Toads. This section describes
the criteria for mechanica) scceptability of the designs.

3.1 Stress. Strain, and Load Limits
.11 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
ultimate strength of the clad tube.

3.1.2 Euel Rod Axial Friction Ferce

The flow channe) supporting each fuel rod and the norma! spring forces
batween the cell and the fue) rod shal)l be designed so as to limit fuel

rog
creep induced bow due to axial friction forces.
3.1.3 alrength
The spacer structural components shall retain adequate strength under

operating conditions to ensure functiona) operation throughout the design )ife
of the fuel. The HTP spacers sha)) resist hydraulic, fuel rod friction,
handling, and accident forces, The 1FM's shall resist

hydraulic, rod
friction, and handling forces.

214 frid Attachment

The design of the MTP and IFM assemblies shall provide for attachment to
guide tubes, instrument tubes, or guide bars which are used to anchor each of
the grids in the fue) assembly throughout the design 1ife of the fue). The
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grid  attachments shall be designed to withstand the )oads due to the
differential therma! ard irradiation induced expansion between the fuel rods
and the fuel assembly skeleton.

3.0 faligue
The spacer and guide tube attachment shall be capable of preventing
fatlure due to cyclic stresses throughout 1ife.

3.3 Eratting Wear
The spacer castellations forming the flow channels shall be designed to
minimize fuel rod contact stresses while assuring rod cooling,

3.4 (errosion and Hydriding

The spacer material shall retain adequate corrosion resistance to the
primary system coolant tv ensure functional operation throughout the design
1ife of the fuel.

3.5 Qimensional Regquirements
3.5.1 Euel Rod Alignment

The flow channe! springs shall provide for proper alignment of the fuel
rods in conformance with fuel rod pitch requirements throughout the design
1ife of the fuel,
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382 Elow ” xing
The castellation/springs shall be arranged 1n such & way 4s to
The flow

M‘l\ﬂo.

1.6.3 Aot Haogue Design

The periphery of the HTP and IFM assemblies shall have provisions for
avoiding hangup at grid spacer locations during fue! hand)ing operations
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assembly,

5.1.3 alrength

The strength and rigidity of the structura) component material must be
adequate to provide the required fuel rod restraint for five Jears or more
within the operating environment. Pretotype spacers shall be tested to
confirm the expected strength performance

Lateral crush strength tests show that the HTP spacer is stronger than
the ANF bi-metallic spacer it replaces.
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§.1.4 Srid Attachment

The design of the grid assembly shal) provide for attachment of the
spacer to the fue' Jssembly skeleton. The attachment shal) be designed to
withstand the Toads due to differentia) expansion between the fue! rods and
the fuel assembly guide tubes. These loads are applied to the spacer through
the frictional interaction betwesn the fue! rods and the spacer cells,

To provide restraint of bowing (therma) &nd mechanical) and vibration,
and to provide hydraulic and mechanica) compatibility with co-resident fue)
assembl ies, the grid spacers must be appropriziely spaced along the length of
the fuel rods in each fuel assembly.

5.2 Eatigue

Cyclic stresses in the spacer to guide tube attachment are caused by
changes in power, A fatigue evaluation using the design curve of 0'Donnel)
and Langor(g) shal! be performed to ensure the fntegrily of the attachment.
The reduction in friction loads through Tife due to the relaxation of the
Zircaloy channe) spring forces may be considered in the evaluation

5.3 [retting wWear
To aveic fretting corrosion and the accompanying potential for fue! ¢lad
perforetion throughout the design 1ife of the fue! assembly, the grid spacer

must limit fue) rod vibration and provide rod support such that fuel rod wear
is minimized.
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Figure 5.4 15 an 1llustration of the fuel cladding and spater spring ir
- ts unloaded and loaded conditior
Figure 5.5 describes the simplified clad/spring nteraction where
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5.3.2 spring Interference Analysis

£.3.2.1  Elusnce

It 15 shown in Reference 1) that the relaxation of the HWTP 2ircaloy
spring naterial 1s primarily a function of neutron fluence. Since the ro4
with the highest LHGR ‘s also the rod with the greatest fluence, this rod is
used in the gap analysis.
maximum clad creepdown,

§.3.2.2  lnitia) Soring Deflection

The minimum clad diameter and the maximum cell size are used to
caleulate the minimum initia) spring defle \, These dimensions
determined from assembly production tolerances

are

5.3.2.3 aircaloy Relaxation

R == -




5.3.2.4  (ladding Creep--
Thy maximum clad diam.
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10)

sreepdown is calculated using RODEX2' with
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The ANF bi-metalli~ spacer design contains

dimples

to restrain the fuel rod,
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5.4 Lorrosion and Hvdriding

The grid materfal must possess

degree
corrosion and stress corrosion cracki fva yehrs
operating environment. Failure of components

resuit in the loss of fuel rod restra can resy!
corrosic Th

@ same material and s
the HTP and IFM designs have beer

corrosion probliems.
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5.5.

l

Dimensional Requirements

Fuel

] )
rod alignment

intermediate mixers,
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Flow Mixing

4

shall

be maintained

by both
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the HTP spacers

and
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5.5.3 Anti-Hangup Desian

ine 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 during
handling.
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ATTACHMENT
Responses To Questions About ANF-89-060(P

XAl 4

Generic Mechanical Design Report High Therma)

Performance Spacer and Intermediate Flow Mixer'

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 (MTP) spacer
and interwediate flow mixer (IFM)? How does the fabrication history and

thickness of these strips compare to those Zircaloy strips used in the
di-metallic spacer desians?

ANE_Response 1

The Zircaloy-4 sheet stock that is used for the HIP
made according to the same material and product specifications as those used
the ANF bi-metallic spacer strips.

and 1M strip channels

Strips fabricated by
process have performed successfully in all of the PWRs supplied with ANF
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rage

Question ¢

What fuel ascembly examination work is planned for the lead test
assemblies that contair only the HIP spacers and those assemblies that
contain both the HTP spacers and the IFMs? Are there any fuel batches
that are currently scheduled with these new spacers and IFMs? If so,
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
these assemblies However. the schedule and scope of the examinations

dependent on the various reactor schedules and plans

are
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Question 3

The subject topica! report has not addressed the impact of this design
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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Mr. R. C. Jones, Chief

Reactor Systems Branch

Qivision of Engineering and System Technology
Cffice of Nuclear Reactor Regulation

U. 8. Nuclear Regulatory Commission
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Dear Mr. Jones

Subject: Response 1o NRC Question on ANF-89-080(P)

References ANF-89-080(P), *Generic Mechanical Design Report High Therma
Performance Spacer and Intermediate Flow Mixer," Advanced Nuclear
Fuels Corp., April 1989

F) te Director of NRR (USNRC “Transmittal of
989

Letter, R, A, Copeland (AN
1

AN N1 Ac
RAC:021:89

ANF-89-060(P) * April 11

d are the responses 1o two additional questions asked by the reviewer of the futnu-mo
epo" Mé asked these questions during a telephone conversation on 11

d 10 combine these responses with the (A) version of the report when the

| S

issuud Pnease consider the responses to be proprietary to ANF. The aft

andawvit enciosed wil
Reference 2 letter provides the information required by 10 CFR 2.790(b) to suppon witht
the responses

If there are any questions, or if further Information is 1
8290

3 contact me z 504
wOntact me at (509

/SKM

Attachment

e 1 Al [ Ylwlal
<, . WU (NRC
Mr. Carl Beyer (Pt

Ve




AT
¥

On page 5, Section 3.1.1, the cladding

the tube. This limit is diferent than the previous limit. Please explain

Response

The cladding stress from the spacer force is treated as a
Therefore, the limit should have been the yield strength or half the ultimate strer

previously used, end should have been not the ultimale strength

primary bending

-

On page 21, Section 5.1 4, second paragraph, please provide additiona

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

Response

{ress I8 Iimit is given as the ultimate stren

¥
-
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June 11, 1880
RAC:062.90

Dr. 8. L. Wu

Reactor Systems Brech

Division of Engineering and System Technology
Office of Nuclear Reactor Regulation

U. 8. Nuclear Regulatory Commission
Washington, D, C. 20858

Dear Dr, Wu:

Reference:  Letter, R A Copeland (ANF) 10 Director of NRR (USNRC), Transmittal of ANF-89-
OB0(P).* April 11, 1988, RAC:021:89.

Attached are the responses 1o three additional questions asked by the reviewer
concerning the topical report ANF-88-060(P). We intend to combine these responses with the
(A) version of the report when that version is issued. Please consider the information in thes s
fésponses 1o be proprietary to ANF. The affidavit enclosed with the referenced letter provided
the information required Ry 10 CFR 2.790(b) to Suppcn witnholding the responses.

If there are any questions, or If further . formation is needed please contact me at (509)
375-8290.

Very truly yours,

i/ p 4
R. A. Copeland
Manager, Reload Licensing

/skm

ec Mr. R. C. Jones (USNRC)
Mr. Carl Beyer (PNL)

A Siemens Company
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ATTACHM ENT

Discussion of ANF-88-080, "Generic Mechanical
U(‘S.gr\ ‘:ﬁ.apo-"t H:':‘;'\ T‘,’\gvrv‘a‘ Perform ance

Spacer and Intermediate Flow Mixer'

Question 1

An assessment of the effect of the change from bi-metallic
Zircaloy-4) to all Zircaloy-4 high thermal performance

assebly growth hehavior i requested.

spacers (Inconel and
Spacers, on the fuel rod and

The differertia expansion between fue!

Ods and fuel assembly guide tubes during reactor
neatup and cooidown can iniroduce axial stresses n the fuel rods and guide tube hes
siresses are a function of the ‘emperature difference between rods and guid es ;| the flexibility
of clad, guide tubes “pacers and guide tube/spacer attachments; and the frictiona force
veiween the spacers and tr e fuel rods
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Question 2

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

ANF Response 2
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