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UNITED STATES
NUCLEAR REGULATORY COMMISS. ON
NASHINGTON, 7. C. 20858
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I
Jestinghuuse Eia *rical Corzc=ation —-
ATTN: T. 4. Apdg-<on, Manager w0 s ACIILLL,
Nuc!2ar %a‘ety Deparusant
Box 355
sburgh, Pennsylvania 15220

Anderson:

ACCEDPTANCE FOR REFERENCING TOPICAL REPNRT WCAP 34017P)/HCAP 3402 (NP)

The Nuclear Regqulatory Commission has -~ompleted its review of the Westinghouse
Slectric Corporation Licensing Topical Keport Number WCAF 9401,/<7AP 29402 (the
nonoroprietary version) entitled "Verification Testin. an! Analyses of the
17 x 17 Optimized Fuel Assembly". The topical report documents the resuits
of the tests and analyses performed by Westinghouse ten 24 o verify the
design adequacy of the new Westinghouse 17 x 17 Optim:zed Fue Assembly (OFA).
i+ includes the results of hydraulic flow testing anc critizal heat flux (CHF)

;=ing and analyses. In addition, the reactor vess« -rd core medels used

ind loss of coolant accident analyses are cescribed and the
¢ e analyses are ;resented. The summary of our safety evaluation

As a2 result of our review, we have conciuded that the .opical report WCAP 3401,
ACAP 34n2, as modified to appropriately reflect responses to staff questions,
is acceptable for referencing in license applications to the extent specified
and under the limitations in the topical report itseif and in cur safety
evaluation of the topical report. In this regard, this acceptance does not
constitute acceptance of a "mixed" core reload. The staff review of 2 mixed
~ore reload will be performed in conjunction with our review of topical report

3272 entitled "Westinghouse Reload Safety Evaluati.on Methodology

eLy SV v
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ié 40 not d to repeat the review of
topical ort and <ound acceptable in
the features described 1in

in the attachment.




n accordance with established procedure, it is requested that Aestinghouse
lectric Carporation publish an approved version of this report, incorpo-ating
+he information provided in your responses to staff questions, within three
months of receipt of this letter. The revision is to incorporate this letter
and the attached topical report safety evaluation following the title page
and thus just in front of the abstract. The report identifications of the
pproved reports are to have a -A suffix.

Should %u;‘aaf Degu’a::ry Commission :r‘*nr‘e r requlations change such
that our conclusions as to the acceptability the report are invalidated,
destinchouse ?'ect“‘c Corporation ird/or the applfcants referencing the
topical report will be axpected to revise and submit their respective

he continued effective applicabi
heir spective documentaticn.
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documentation or submi* justification for t
of the topical report without revision of ¢t

Assistant Director

gnclosure:

Topical Report Evaluation
Mr. 3ruce Lorenz

Westinghouse Electric 'sr*cra:*:n

Nuclear Safe Departme

P. 0. Box 35

Pittsburgh, Pennsylvania
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Introduction

#hen Westinghouse proposed the 17 x 17 optimized fuel assembly
(OFA) design, the licensing topical report w«CAP-3401, "Verification
Testing and Analyses of che 17 x 17 Optimized Fuel Assembly” (Ref.
1), was submitted in support of the design. The report documents
the results of (a) full-sizad assembly hydraulic flow tests that
orovided information on fuel assemdbly 1ift forces, fuel assembly
pressure drop, and cladding fretting weur, (b) critical heat flux
tests of electrically heated fuel rod simulator bundles, and (c)
seismic ana LOCA mechanical response analyses on Westinghouse 4-
loop plants that included static and dynamic structural testing of the

QFA.

Summary of Report and Test Prucedures

The report describes the verification testing perormed on the
Wwestinghouse 17 x 17 OFA and the interpretation of the test results.
The 17 x 17 OFA is comprised of 8 grids, 264 fyel rcis, 24 thimbles,
and 1 instrumentaticn tube. The thimble and instrumentation tubes,
claading, and § inner grids are made from Zircaloy-4, wnile the %o
ind bottom nozzles and end grids are made from Inconel. The Zircaloy
Jrids contain mixing vanes and each grid is constructed of thicker
and taller grid straps compared with the Inconel desien. The outside
diameters (00s) of the OFA cladding and the thimble éubes are,

respectively, sligntly smaller than those of the standard 17 x 17

dasign.



fuel rods in the OFA test assemblies were filled with de

d
J0, fuel

pellets, prepressurized with helium, and positioned off

the dottom nozzle. Curing the flow tests, thimble plugging devices

restricted bypass flow.

-

2.1 Hydraulic Flow Tests

’

Full-scale hydraulic flo e performed in the Fuel

Assembly Test System (FATS) facility. FATS facility is
capable of testing two full lies side-dy-
side. The flow tests were conducted in i1 fferent

chases. These phases were:

A standard

~ea

JFAS Side-0y-Side.

TAAM

included a 1000-nhour wear

force measuresments
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The Toad cells were calibrated before *re baffle was
assemdbled and during the loading of “usi sssemblies.
Calibrations were also performed at all test temperatures.
As flow was increased, the 11ft forces were measured as

a function of flow rate.

Assembly Pressyrs Drop

Static pressure taps were located on the baffle enclosure
within the test vessel and used to measure the fuel
assembly pressure drops. The overall fuel assembly

iPs were measured Dy iP transducers having an accuracy

of + 0.5% and a minimum frequency resconse of 30 Hz.

Pressure drop data were obtained &, first achieving the
desired loop temperature, s:opping flow, zeroing the
pressure transducers, and restarting flow. Once the

flow stabilized, 2P data were taken.

2ased on the data, Westinghouse concluded that the
diffarence in pressure drop between < e sptimized “uel
assembly and the standard fuel assembly was snown %0 be

negligible.



Cladding Fretting Wear

one purpose of the verification testing for the OFA was

.

to assess the susceptibility to fretting wear at grid-

to-cladding contact points.

Phase 1 and 2 test'ng, all fuel r.ds were

at each grid location and no wear was observed.

sembly that was Jused in the 1000-hour Phase

employed two modifications: (a) scme fuel rods
preoxidized and (b) three ocuter rows )f grid cell
initially sized to conservatively represent

" - | < 171 fual &
After completing cine test, 131 fuel rods from

the OFA assemply were insgc.ted for wear at each grid

-

The average wear gepth, at a 35% confidence
ty level, were determined “or both the
rods. From the pre-

, 4 conservative extrapclation

magnitude of wear depth

“he purpose of

thermal-nyarayl

JSI Qv




not significantly different from those of the stancard 17 x 17
design. In this section of the report CHF data are reported
and analyzed.

The CHF tests were run in the high-pressure loop at the Chemiczi
Engineering Laboratory of Columbia University. The test
sections were composed of 25 rods which were 14 feet long
arranged in a 5 x 5 square array. Two series of tests were

run. In the first series all *he rods were heated. This
simulated a region in the fuel assembly where there would he

317 fuel rods. The second series Teft the center rod of the
bundle unheated. This represented a region in the fuel assembly

where an instrument tube wnnld be located.

The axial heat flux had a cosine shape with the peak in the
center. Data were obtained using thermocouples located at

various distances along the heated length.

[t was concluded that:

1. Tne CHF characteristics of the 17 x 17 OFA can . fescribed
Dy the "“R" grid form of the WRB-1 CHF correlation.

2. The new data can be incorporated into the "R" grid data
base without changing the Departure from Nucleate B0iling

Ratio (ONBR) design criterion of 1.17.

B-7



2.3

Seismic ang LOCA Analyses

The general scope of a structural analysis is to define the
applied forces, develop 2 mathematical representation of the
physical structure (model), and obtain the response of the
structure to the applied forces. The structural responses
obtained are either used as input to a substructure analysis
or compared to accepted limiting values. Analysis hignlignts
of each component of this analysis procedure are presented in

subsegquent paragrahs.

The appiied forces described in the submittal are for the
postulated compined-seismic-LOCA transient event. These
forces include the effects of seismic ground metion, intermal
thermal-hydraulic Jepressuriiation, and cavity pressurization.
The Toadinyg conditions chosen are indicated to be generizally
appiicable and bounding for a number of Westinghouse 17 x 17

twelve-foot fuel assembly olants.

Essentially four mathematical models are discussed in the
submittal. A SYSTEMS MODEL is described, which is used %o
develop irpus for a OETAILED CORE MODEL. The response of this
core model is then used as input to a L'TERAL FUEL ASSEMBLY
MODEL from which component stresses are determined. An AXIAL
FUEL ASSEMBLY MODEL is also described. This axial modei is

used to determine component stresses 2ased on the fuel assembly

B-8



response from a referenced vertical systems internals model.

The described systems model, when used to obtain the  truciural
responses to0 seismic disturbances, introduces modeling concepts
t0 represent the fluid environment exi.ting within the reactor
vessel. This modeling includes both a horizontal and vertical
implementation. The horizontal modeling uses established
modeling proced i»es while the vertical model is based upon a
novel approach. These modeling techniques are not used when

determining the structural response to LOCA excitations.

The responses derived from the vertical and lateral fuel

assembly mcdels are compared with accepted limiting values.

-

1imit values chosen are based on NRC acceptance criteria

agreement Detween the

1 1 "
caicuiated Trom measured




ressure Jrop

conclusion: The difference in pressure
the optimized fuel assembly and the standard

assembly was shown to be negligible.

e resylt 1 and 2 of the pressure drop
test were presanted i plot of AP-versus-flow rate.
sestinghouse stated that the figure zould provide a

comparison of the hydraulic characteristics
fuel assemblies. However, a reader of

"t make such a comparison based on
The orly compariso be made i
-he hydrauii. characteristics

25t series. The data

destinghouse, 1 it P 1 and 3 virtually

igentical

The staff questioned Westinghouse

e sacPe - i+ n
pressure arco tests at congitions

and anticipatad transient conditio

#estinghouse stated that pressure drop P

- Wy =y
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The variable K is a function of Reynolds number and a
Tog-log plot of X-versus-Reynolds number is linear.
Therefore, extrapclations to reactor cperating con-
ditions can be made with confidence. The flow rates
were 10% above mechanical design flow rates and the
testing is representative of flows during antic.pated
transients. The staff concurs that the test data that
Westinghouse has c¢»*n be analytically extrapolated %o
reactor operating conditions with a high degree of

confidence.

In respunse to another staff question, Westinghouse
provided a figure of the standard assembly and OFA
side-by-side. Tne figure shows that the .tandard and
OFA grid centerliines are mztched up over the length of
the assemblies. The grid naterial and length for the
s'x middie grids are not the same “or the standard and
optimized design. The staf® nhad Juestions concerning
the commatibility of these gi'ids. Westinghcuse stated
that the 3rids were compatibie for the following reascns:
L. The height of the grid ias a negligible effect on
hydraulic compatibiiity. The major aydraulic mis=-
match is due to the expansion and contraction
losses through the grid and not the additional “rictional

lozs from grid heignt.

L)

There are ng :'evation mismatches of grids.

B-1



3. Compatibility is justified by the negligible 4P
difference between the flow-tested OFA and standard

fuel assemblies.

The staff has reviewed the “low test data and has con-
cluded that this type of testing (standard and OFA
side-by-side) is insufficient to draw the conclusion

that the OFA and standard assembly are compatible.

These tests did not address the effects of diferent

arid heights and different fuel pin diameters on diver-
sion cross flow between Fuel assemblies. The compati-
9111ty of the two different types of grids should be
demenstrated in a more cuantified manner before cpera-
tion with a mixed core can be evaiuated. In Section
18.3.2 of WCAP-3500 (Ref. 4), West’rghouse indicated the
possibility of flow %ests to verify the hydraulic
compatibility of the two types of assemblies. They

also stated that for a mixed core relcad, the methodolegy
describ. o in WCAP-3272, "Westinghouse Relcad Safety
Evaluation Methodology," (Ref. 16) will Se used to per<orm
the reload safety aralysis. Based on the commitment %0
address our concerns on mixed assembi s ccmpatibility 1n
WCAP-3272, our review of 3 mixed core refoad will be

'n conjunction with our review of WCAP-3272.



)
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3.1.3 C(Cladding Fretting Wear

The testing and subsequent analyses of cladding wear
anticipated in the OFA design are consistent with chose
orevicusly performed (Ref. 3) for the standard 17 x 17
fuel assembly design. The EOL wear depth has been pre-
dicted conservatively and this value is less than the
design vear depth as described in a Westinghouse response
to a staff question on WCAP-3500 (Ref. 4). We helieve
that there is no operating experience from Westinghouse-
NSSS plants that would indicate a fuel failure problem
arising from cladding fretting wear. Therefore, we

find the cladding fretting wz2ar analysis to be anceptable.

Critical Heat Flux Tests

Westinghouse conciusion: The CHF characteristics of the 17 x
17 OFA can be descrired by the "R" grid form of the WRB-1 CHF

correlation.

The results from the CHF testing were presented in the form of
taples containing the run number, inlet pressure, temperature,
velocity, the local quality and heat flux (predicted and
measured), the ratio of the measurec-:o-orecﬁc:éc CHF for the

optimized fuel assembly, {M/p)aot’ the predicted ind measured

B-12
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e'evation from the inlet where CHF occurs, the original

matching run number, the (M/P) _ . and the repeatapilit:

par'meter. Also, there were plots of the repeatability
parameter-versus-inlet pressure, flow, and local g
tach of these .resentations were given for both ypical and

thimble subchannel. The repeatability paramecer is ac“ined as:

he lu - and J___ are taken from

F°op.

the . conditions. Westinghouse stated that

the repeatability parameter to compare data effectivel

-l

eliminates correlation upcertainties. ne vncertainties that

remain are due to errors in the loop operating :ondition

measuyrements and J 11 ! Jetween

sections. ne Ff has reviewed this typ

-gnciydeg that




.

W“estinghcuse conclusicn: The new data can be incorporated
into the "R" grid data base withcut cha ging the ONBR design

criterion of 1.17.

In order for the >Love statement to be true, it must be shown
that the OFA belongs to the population wnich ‘c used to deter-

mine the limit or that 1.17 is a conservati » '‘mit relative

to any 1imit based on OFA data.

Westinghouse has performed F-tests and an analysis of means to
shcw that the QFA data belong to the total populat:ion. Of the
five F-tests performed, the OFA nDassed three. For the *wo -
tests that the OFA failed, Westinghouse determined the ONBR
Timit using only the bad or rejected QFA data. [t was shown
that a ONBR Timit of 1.17 would be conservative when apaiied
tc the rejected data. The analysis of means showec that the
data (standard, thimbie, and :ypical OFA) were within the

1imits on the means.

[n determining the ONBR 1imit for the OFA, West nghouse used

the variance within the test series about the mean [ ==).

“or the data presented in WCAP-24Q01, there are three variances;
the variance within the test series about the mean, the variance
among the test series means, and the total variance. These

variances are relatag %0 2ach other 3y the “ollowing 2cuation

(Ref. 14):




o

()

ik

.-

<

»h

"Eaca.l 4
where qi is the variance within the test series about the mean,

ai is the variance among test series means, and = is the

total
total variance.

The total variance (.§° should be used to determine the

:al)
ONBR Timit and not the variance within the test series about
the mean (qi ). The staff has computed the ONBR limit using
the total variance. The ONER Timit calculated bv the staff
was 1.1685 while the ONBR limit reported in WCAP-3401 was
1.165. Therefore, the staff concludes that the ONBR limit of

b | ‘

1.17 is acceptable.

Seismic and LOCA Analvsas

The technical evaluation contained in this section considers

the effects of seismic and LOCA combined locadinu. The Westingnouse
analysis procedure ‘ncluding anaiytical models, computer

methods, and acceptance criteria have been evaluated. The
evaluatior was accomplisned Sy reviewing the Westinghouse

submittal and using independent audit calculations. I[n general,
the Westinghouse issassment of the seismic-LOCA loads problem

is acceptable. DOetailed evaluations of each phase of the
structural analysis procedure are presented in subsequent

saragraphs



itions assumed in the submittal for
determining applied forces are not well defined. Althougn
additional loading condition definition was supplied in
response to requests for additional information (Refs.
and 7), significant expansion of the information
would be necessary w0

Westinghouse-NSSS plants. OQur conclusions

concerning the results presented in WCAP-340]1 therefore

apply only to these loading conditions.

Insyfficient information was supplied %o
internal hydraulic
oressure load development; however, a
Aestinghouse plant audit (Ref. S) indicated that the
~estinghouse approach used for develioping these appl
loads 1. acceptable. he additional data
References 5 and 7) ‘or paramet-ic
the submittal indicated th ittle change in

Tor the parameters




Structural Models

The four mathematical models presented in the submittal
were reviewed. The review encompassed methods, structural
representations, and analytical-experimental carrela-

tions associated with the models. Each of * 2 four

mode! reviews is discussed in the subsequen. daragraphs.

The system model was reviewed without the aid of audit
calculations. The derail associated with the model was
noted and was judged to be :ufficient %0 determine core
plate motions. This judgment was based on the audit
caiculations and comparisons presented in Reference 5.
Although the WECAN computer code used in & ,Stems

anal /sis was iy ly audited, the code h2c
cenchmarked against
the cpen literature presently under review by

the NRC staff and 3 .0 have a favorable safety

aval

Two new modelirg concerts assoc

mode] were raviewed. Based

8, and 7) desiagned to

vertical ana lateral flui s, the methods
incorsorate

seismic analyse

the experimental
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The remaining tiaree anaiytical models are essentially

the same as those presanted in WCAP-8236 (Ref. 8). The
methods and medels in Refarence 3 ire considered ac-eptable
to the NRC staff based on a previcus review. However,
Decause of the basic design changes documented in the
submittal, adaitional experimental-analytical correlations
were requested and supplied in References 3, §, and 7.
B8ased on this experimental verification (and previous
acceptance by the NRC of leference 3), the structural

representations 2re considered acceptap’e.

The computer code WEGAP used to determine the core
reqgion response is not the code previsusly accepted by
the NRC. The solution of a standard problem was,
therefore, required before accepting this calculational
procedure. The identical stanaari problem originally
accepted for the previous code verification was solved
and transmitted in Reference ? A comparison of the
resylts in Reference 3 with theose in References 10 and
11 demonstrates the applicability of the WEGAP code for
solving this type of proplem. In conclusion, the WEGAP
computer code is acceptaple for determining core region

mode! response.
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3.3.3 Comoonent Evaluations

The basic criteria fo= acceptability for the postulated

seismic-.0CA condition is to provide assurance that the

reactor can be drought safely to a cold shutdown condition

(see Appendix £ of Ref~-ence 2). To demonstrate accepta-

bility, the following six components were evaluated:

‘
-

L S *S B AN}

w
.

5.

Fuel rods.
Guide thimbles.
End boxes.
[nserts.
Sleeves.

Spacer grids.

These component avaluations are discussed in subseauent

paragraphs.

3.3.3.1 Comoponents Other Than Grids

Fuel assembly components (other than grids)
are evaluated based on the stress criteria
outiined in Reference 4. These criteria are
consistent with the NRC quidelines presanted
in Reference 2. The material properties used
in the avaluation are taken from Reference 12.
Lateral analysis stresses are obtainead using
the maximum fuel assemb.y deflection 2ased on
the physical deflecticon limits imposed by the

core renion baffle. The axial stressas are

g-20




obtained by matching vertical (LOCA) system
moda! nozzle impact loads to drop analysis

results on the axial fuel assembly model.

A combination of seismic and LOCA fuel assembly
component stresses was not performed. The
stresses due to vertical excitation are almost
totally LOCA while the lateral stresses are
deflection limited for both the seismic and

LOCA conditions.

These fuel assembly component stresses are

considerably below the ailowaple limit values.
Therefore, ‘hese fuel assembly components are
considered acceptahle for the defined loading

conditions.

Grids

Fuel assemply spacer grid aevaluations are
based on the 1imiting value of crushing load

pcrit
of the value o ?crﬁ: was not discusse* in the
original submittals; however, this information
is presented in Reference 7. This informalicn
has been reviewed in conjunction with Refirence

-

2 and is considered accentable.

8-21
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Response grid loads were not combined in an
appropriate fashnion in the aoriginal WCAP-3401
report. FHowever, in response to our questions
(Reference 7), seismic and LOCA response lcads

are combined using the S3SS methoa with a 1.3
factor for stean flashing appliad to the LOCA
loads. No sensitivity adjustment is consigerec
necessary based on the parametric study results
documented in Reference 7 and previous sensitivity

studies.

The combined-factored spacer arid response

z L g g a
loads are balow the Iimiting value of P_ ...
Ther+¥gre, the spacer arid design is considered

accertable for the cefined l1cading concitions.

Requlatory Position

Ae have reviewed WCAP-3401 and additional supporting material
(Refs. 4, 6, 7, 9, 10, 13, and 15). As a result of our review, we
conclude the following:

1. The WRB-1 CHF correlation is an acceptable correlaticn for use

in the thermal-hydraulic analysis of the OFA.

8-22



2. The ONBR 1imit of 1.17 is an acceptable thermal nc¢ zin limit
for the OFA.

3. The analyses of assembly 1ift forces and clasding fretting wear
for the OFA design are acceptable.

4. Reasonable evidence iwmonstrated that the OFA design can withstand
the effects of the defined seismic-LOCA ever . .r the cases
studied. A determination will be required on 2 plant-by-plant
basis to show that the appiied forces fall within the envelope
of these cases; otherwise, additional analysers will be required.

S. BSefore the staff can approve 2 mixed core reload, Westinghouse
must provide additional submittals which demonstrate in 4
more guantified manner the effects on diversion crossilow of
the different 3rid heights and d' fferent fuel pin diameters
and the conseqguential effects on ONB. Also, the review of
a mixed core reload will be in conjunction with the review of

WCAP-3272.

Therefcre, the staff finds WCAP-3401 an acceptable and referential

report with the exception noted above.

8-23
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ALSTRACT

This report documents the results of the tests ind analyses performed by
Westinghouse to verify the design adequacy of the new Westinghouse 17xl7
ptimized Fuel Assembly (OFA). It includes the results of hydraulic flow
testing and critical heat flux (CHF) testing and analyses. In addition,
the reactor vess<l and core models used for seismic and loss of coolant
accident analyses are described, and the results of the analvses are

presented.

Full-scale hydraulic flow tests were performed for two side-by-side !7xl7
OFAs as well as a current standard Westinghouse 17xl7 fuel assembly
adjacent to a 17xl7 OFA. The test results showed a negligible difference
in fuel assembly pressure drop, when comparing aa OFA and a standard
assembly. Clad fretting wear results for the OFA fuel rod were found o

be acceptable when extrapolated to end-of-life reactor conditioms.

Critical heat flux tests were conducted with electrically heated rod
bundle sections which model the OFA. Analysis of the data saows no
substantial difference in CHF between the OFA and the current standard

17x17 fuel arsembly design.

The seismic and loss of coolant accident analyses were performed
_encompassing a number of West.nghouse four loop, twelve foot plants.
Static and dynamic structural test results of an CFA compared with
analytical predictions indicate that the fuel assembly lateral and axial
structural behavior can be fully determined with finite element models.
It was concluded that these analytical models are appropriate for
investigation o fuel assembly responses under the lateral seismic,
lateral blowdown and vertical blowdown accidents. Analysis of the l7xl7
OFA component stresses and grid impact forces due to a postulated,
faulted condition accident has indicated that the design is structurally

acceptable based upon the established allowable design limits.

ii
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1.0 HYDRAULIC FLOW TESTING

1.1 INTRODUCTION

As a part of the verification tests of the Westinghouse 17x17 Optimized
Fuel Assembly (OFA) design, full-scale hydraulic flow tests were per-
formed in the Fuel Assembly Test System (FATS) facility. This facility
has *he capability to test two full size fuel assemblies side-by-side.
Two OFAs were tested, side-by-side, to simulate reactor hydraulic condi-
tions, kewise an OFA and a current standard 17xl17 fuel assembly were
tested, side-by-side, to verify the hydraulic compatibility of the two
assembly designs for use in "mixed core" designs. The fuel assembly and

FAT facility descriptions are given in Section 1.2.
The flow tests were performed in the following phases:

~ Phase | - consisted of a standard 17x17 fuel asser’_ly adjacent to a

17»17 OFA.
- Phase 2 - consisted of two 17xl7 OFAs, side-by-side.
- Phase 3 - Same as Phase 1 but also includes a 1000 hour wear test.
Section 1.2 and 1.3 describe the test set-up. The results of the pres-
sure drop, assembly hydraulic lift force and the fuel rod fretting wear

data are given in Section 1.4, and the test plant description is pre-

sented in le 1-1.
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1.2 HARDWARE DESCRIPTION

1.2.1 FUEL ASSEMBLIES

The two 17x17 OFAs had 8 grids, 264 fuel rods, 24 thimbles and a center
instrumentation tube, as shown in Figure l-1. The fuel rod cladding,
thimble and intrumentation tubes, and six inner grids were made of Zir-
caloy-4. The top and bottom grids were made of Inconel. The six inner
Zircaloy mixing vane grids had the same basic mechanical configuration
as the standard . .onel grids, but the strap dimensions (thickness and
height) were increased compared to the Inconel design. The OFAs con-
tained slightly smaller fuel rod and thimble tube diameters *han the
standard assembly. One OFA test assembly was not instrumented and had
the 264 fuel rods filled with depleted UO2
OFA test assembly contained 254 fuel rods filled with depleted UOZ and

pellets. The instrumented

10 empty rods to carry instrument leads.

The standard 17x17 assembly (8 Inconel grids) had the same reference
dimensions as the OFA assembly shown in Figure )J-1. This assembly con-
tained fuel rods filled with lead in order to simulate the weight of

fuel rods filled with UO2 pellets.

For all fuel assemblies tested, thimble plugging devices were used to
restrict flow through the thimble tubes. All fuel rods were positioned
above the bottom nozzle the same distance as used in current production
fuel assemblies. Fuel rods were pressurized with He to levels currently
in use. The test assemblies were hydraulically and structually repre-

sentative of assemblies fabricated for reactor use.

A comparison between the OFA and standard assembly designs is given in
Table 1-1.
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COMPARISON OF 17 x 17 OPTIMIZED TEST ASSEMBLY

TABLE 1-1

AND 17 x 17 STANDARD ASSEMSLY DESIGN PARAMETERS

Parameter

Number of Fuel Rods/Ass'y.
Number of Guide Thimbles/Ass'y.

Number of Instrumentation Tube/Ass'y.

Fuel Rod Pitch, in.

Fuel Tube Material

Fuel Rod Clad OD, in.

Fuel Rod Clad Thickness, in.
Guide Thimble Material

Guide Thimble OD, in.

Guide Thimble Wall Thickness, in.
Structural Mat'l. - inner grids (6)
Structural Mat'l. - end grids (2)
Grid Incer Strap Thickness, mil
Grid Outer Strap Thickness, mil
Grid Support for Fuel Rods

Grid Height, inch. less
vanes/inner straps

Bottom Nozzle

Top Nozzle

Optimized Test

Assembly Design

264

24

1

0.496
Zircaloy-4

|

Zircaloy-4
0.474
0.016
Zircaloy

Inconel
S

bStnndatd
Standard

j] +(a,c)

+(a,c)

Standard Des{;g

264

24

1

0.496
Zircaloy-4
0.374
G.0225
Zircaloy-4
0.482

0.016
Inconel
Inconel
10.5

17

6 Point; 2 Springs
+ 4 Dimples
1.32

Standard
Standard
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(a,c)

=
Figure 1-2 Schematic of Fuel Assembly Test System (FATS)
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Figure 1-3. FATS Test Vessel and Baffled Assemblies
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1.3 PRE-TEST PuFPAR .IIONS AND INSTRUMENTATION

1.3.1 PRESSURE DROP 4EASUREMENTS

Static pressure taps were used tc measure the fuel assembly pressure
drops. These wi e located on the baffle enclosure within the test ves-
sel as shown on Figure 1-4. Each pressur¢ meas:rement tap had a redun-
dant tap located at the sawe elevation on a perpendicular baffle wall
(90° apart). A “-%a acquisitioa system was used to collect and condi-
tion the data, wnich consistea of approximately 100 AP readings for

each set of flow and temperature conditions.

Using the pressurs tap locations in Figu:e l-4, AP transducers were
used to measure the overall fuel assembly APs. The AP transducers

had an accuracv of +0.5% and a minimum frequeucy response of 50 Hz.
1.3.2 FUEL ASSEMBLY LIFT FORCE MEASUREMENTS

Fuel assembly lift forces were measured by recording the off-loading of
four load cells, (two load ceils per assembly), mounted through the
lower core plate. As flow was increased, the data provided the lift

forces as o function of flow.

Load celis were calibrated in the lower corr plate before the baffle was
asse bled and during the loading of the fiel assemblies into the barrel
at room temperature. Calibrations were the performed at all test tem-
peratures. The transducer test measurement capability is given in Sac-

tion 1l.4.1.
1.3.3 PREOXIDIZED FUEL ROPs AND GRIDS

In order to determine [uel rod fretting wear, sixty-two fuel rods were
preoxidized to simulate in-reactor conditions. The oxidized fuel rods
were randomly located as shown in Figure 1-5. For Phases 1 and 2 the

grid cells were adjusted to investigate the effect of cell size on wear,
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1.4 FLOW TESTING PLAN AND RESULTS

2

1.4.1 TEST OPERATIONS

Test operatious were maintained at the conditions described in Tables
1-1 and 1-2 for Phases 1, 2 and 3. These tables specify the information
sought, temperature, pressure and flow rates for each of the tests

performed.

The following measurement capabilities were maintained during testing:

Required

Parameter Ranges Accuracy (%)
Loop Temperature 50-300°F +0.25

Loop Pressure 0-200 psig + 2.0

Loop Flow Rate 1000-5500 gpm + 0.3
Nominal Fuel Rod 2400 gpm + 0.5

Bundle Flow

All AP Measurements Varies—-psid + 0.5
Assembly Lift 0-2000 1bs + 0.5

1.4.2 FUEL ASSEMBLY LIFT FORCES

Lift foice data were obtained during Phases 1, 2 and 3 with the test
conditions given in Tables 1-1 and 1-2. Results given in Figure 1-5
show lift forces calculated from measured assembly AP and measured

from load cells. The load cell measurements were in good agreement with
the lift forces calculated from the measured assembly pressure drops.

At a given flow rate the wearured lift forces are slightly greater
(about 10%) at 100°F coolant temperature compared to a 300"F coolant

terperature.

1-11
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Test Phase/

FATS FLOW TEST PLAN - PHASE 1* AND PHASE 2"

TABLE 1-2

(Number of Tests) Information Sought

1(4); 2(4)

1(4); 2(4)
1(4); 2(4)
1(7); 2(7)

1(4); 2(4)

1(4); 2(4)
1(4), 2(4)
1(?); 2(7)

Pressure Drop
determinations
Same as :bove
Same as above

Same as above

Assembly lift force

Same as above
Same as above

Same as above

Data

Recorded

Ap

(psi)
Same
Same

Same

Lift
force (1lbs)
Same
Same

Temperature
(F)

100
200

250
300

100

200
250
300

Pressure

(E'iﬁ)
220

Same
Same

Same

220

Same
Same

Same

*Test Assemblies - Instrumented 17x17 OFA And Standard 17x17 Inconel Grid Assembly.

+Test Assemblies - Instrumented and Non-Instrumented 17x17 OFAs.

Flow per
Assy (gpm)

500, 700
1000, 1500
Same

Same

500, 700
1000, 1500
1000, 2400

2570

500, 700
1070, 1500
Same

Same

500, 700
1000, 1500
2000, 2400

2570




£1-1

Number

of Tests

TABLE 1-3

FATS FLOW TEST PLAN - PHASE 3'

Information

_Sought _

Aszcembly lift forces

Same as above
Same as above

Same as above

Wear - 1000 hour test

Data

Recorded

Lift force
(1bs)

Same

Same

Same

Tewmperature
(°p)

100

200
250

300

300

+Test Assemblies - Instrumented 17x17 OFA And 17x17 Inconel Grid.

*Represents |

* of Mechanical Design Flow (MDF).

Pressure

(Eli!)

220

Same

Same

Same

220

Flow per

Assy (!E=)

1060, 1500

Same

Same
1000, 1500
2000, 2200

2400

2360*

(b,c)
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1.4.3 PRESSURE DROP

Pressure drop data were obtained from the static pressure taps shown in
rigure l-4. For a given test condition, once the desired loop tem2ara-~
ture was achieved, the test procedure was to stop the flow, zero the -
pressure transducers, restart the flow, and take the data when the flow
stabi.’zed. The data consisted of approximately 100 AP readings for

each set of flow and temperature conditions.

The fuel assembly static pressure drop measurements for both Phase 1 and
Phase 2 are presented in Figure 1-7 to pruvide a direct comparisomn of
the hydraulic characteristics between the (wo fuel assemblies. Addi-
tional da” - taken during Phase 3 (not shown) were virtually identical to

that obtained during Phase 1.

The best fits of the two sets of data indicated [
1" To determine the significance of cnis (b,e)

difference, a statistical analysis was performed on the two sets of

data. A treatment coefficient was calculated from a combined fit of the

two sets of data. This coefficient was tested for significance at a 95%

tolerance limit and it was found that the statistical difference in the

pressure losses between the two phases of testing was [ (a,c)
]‘ Therefore, the overali! fuel assembly pressure drop

( 1* for both the 1717 OFA and standard (a,c)

Inconel assembly.
1.4.4 FUEL ROD FRETTING WEAR

_1.4.4.1 Wear Results - Phases 1 and 2

At.the completion of Phase 1 and 2 testing all fuel rods were inspected
at each grid location and each support point for fretting wear. Each
fuel rod was rotated 45° and removed from the fuel assembly. The
rotation of the fuel rods assured that unloading scratches did not

interfere with the fretting evaluation.

1-15
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During Phase | and 2 testing a total of 166.8 hours of running time was

logged. No wear was detected by visual examination for any rods.

1.4.4.2 Wear Results - Phase 3

A new fuel assembly structure was incorporated into the 1000 hours Phase
3 test program. The outer three rows of zrid cells were initially sized
to conservatively represent the worst end-of-life conditions expected in
reactor operation. At the completion of the 1000 hour test, 131 rods
(36 preoxidized) were inspected. All eight grid locations were examined
tor rod fretting wear. From the data obtained, it was determined the
1000 hour average wear depth, at a 95% confidence and 95% probability
level, is [ ]‘ wils for the preoxidized rods and [ 1* mils for

the unoxidized rods. It is conservatively assumed that the wear volume
at the end-of-life (EOL) in reactor operation (approximately 35,000
hours) is proportional to the wear volume obtained at 1000 hour testing
for the preoxidized rods. Therefore the EOL wear volume for reactor
operation is estimated to be approximately 35 times that of the 1000
hours test. Using Figure 1-8 and the [ ]0 mil wear depth of the

1000 hour test preoxidized rods, the wear depth for oxidized rods at EOL

(48 months of full flow) in a reactor is approximately [ ' mils.

1-17
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2,0 CRITICAL U"EAT FLUX TESTING AND ANALYS'3

2.1 INTRODUCTION

References | and 2 descride the result~ of extensive Critical Heat Flux

(CHF) tests conducted with electrically beated rod bundle test sections

built to model the current Westinghouse 17x17 fuel assembly design.

This chapter describes similar CHF tests which model the optimized 17xl7
fuel assembly. From a CHF standpoint, the optimized 17x17 design

differs frow ti- current 17x17 design in two respecis:

1. The dimensions of the "ype R" mixing vane grid have been altered

due to a material chauge.

2. The fuel rod diameter has been reduced to | I+ inch (from (a,c)

0.374 inch).

CHF tests were conducted with two test sections -- typical cell and
thimble cell - each of which was 14 feet long and was composed of 25

rods in a 5x5 square array. The center rod was unheated for the thimble

cell test.



2.2 TEST FACILITIES AND TEST SECTIONS

2.2.1 FAC.LITIES

The test facilities and procedures have been describad in detail in
References | and 2. No signif::ant changes were made for the oprimized

17x17 fuel assembly CHF tests.
2.2.2 TEST SECTIONS

The two test sections utilizsd for these tcsts were quite similar to
those described in R:fererces | and 2 except for the following

diffe_ ences.

The mixing vane grid design was modified because a 1ew material
(Zircaloy) was used which has different mechanical properties than an
Inconeli grid. This necessitated slight changes in various grid
dimensions, but there was no significant departure from type "R" grid

characteristics.

The heater rod diameter has been reduced to [ 1% iach. Figure 2-1 (a,z2)
is a sketch of ‘he rod bundle cross-section of the typical cell test
section. Fig~ . 2=2 shows the corresponding cross-section for the

thimble cell
The axial positions of the gr. ., pressure taps and thermocouples are

shown in Figure 2-3. Figure 2-4 shows the axial cosine heat flux

profile used in these tests.

2=2
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Figure 2-1. 5x5 Rod Bundle Cross Section Typical Cell
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2.3 DATA REDUCTION AND ANALYSIS

2.3.1 DATA REDUCTION

Data reduction was carried out in the same manner as that described in
References | and 2, except that a new CHF correlation, the WRB-1 of
deference 3, was used to predict CHF. A performance factor of

( 1% was used. This is the same value which was used for the

original 17x17 geometry data, Referance 3.

2.3.2 DATA ANALYSIS

The results of these tests are tabulated in Table 2-1 for the typical
cell and in Tablz 2-2 (‘or the thimble cell). Most of the runs in this

test program were carried out at inlet conditions which .“atch those of

the original 17x17 (0.374 inch rod diameter) data set.

runs, together with their M/P values, are also given in Tables 2-1 and

2-2’0

In order to reveal any differences in CHF characteristics which might
exist between the optimized and the original 17x17 design, a
repeatability parameter, GR, is defined for each matched pair of the

optimized design and the original 17xl17 geometry runs:

~
(3 & &
Po't ¥ orig d opt
. =] - s~ = Tig Pt
. ¢ &
P ¢ P .
orig orig
where (%) is the measured-to-predicted CHF ratio for the optimized
OPt  17x17 fuel assembly design.,
(!) is the measured-to-predicted CHF ratio for the original

Of18 17x17 fuel assembly design of References 1 and 2.

*Complete tabulations of these original 17x17 aata are given in Tables A-5

and A-18 of Reference 3.

These matching

(a,c)
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TABLE 2-2 (Continued)

CRITICAL MEAT FLUX TEST KESULTS FOK OFA THIMULE CELL

16 RODS  82:

INLET INLET INLET MASS LOCAL LOCAL MEAT FLUX (ulr)o"
KEN  PRESSURE TEMP VELOCITY QUALITY (10°® wru/um-sq ¥1) ¥
wo. (esta) () (107° Lem/um-sq ¥T) (X)  MEAS. PRED. (WRB-1)
K Ta
w2ie8 kel 0145
WiloYy L9114
w2170 1.0869
w2171 9780
w2l 12 9426
w2173 1.0203
w2l 74 1.0187
w2115 L9611
w276 L9813
w2111 9143
b 20
L2
U
¥
M
& ‘F)
6, =1 - orr
K
M
(;)
ORIG
+
Test Section Length, L= 14 Ft koo 0.0, «[ ] (s,¢)
Equivalent Mydvaulic Dia. DE = 4079 IN ZIRC SPRING MV GRIDS 20 IN SPACING
8 RODS 100: INNER KOD/OUTEKR ROD POWER = 1.2195

ORIGINAL
ELEVATION FROM INLET 17l 7
(INCHES ) MATCHING
rﬂﬁll. ) MEAS . RUN NO . "/')Ollc
e P
e yisss 1.0948
Wi B85 L9909
w9 L9805
Wi920/1921 9738
wi867/1876 L9313
WiB68/1875 L9797
WI869/1872 1.0305
Wl 8071871 L9580
Wi 904 1.0208
w1902 L9246
- -

L0734
. 0803
~. 1085
~. 0043
-.0099
~. 0414
L0ns
-. 0032
L0387
.02



are shown
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Figure 2-5. Variation of Repeatability Parameter, § g, with Test Variables
Thimble Cell ‘
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2.4 CRITERION FOR DESIGN

Because the optimized design 17x17 data are indistinguishable from the
other 17x17 data sets, these new sets can be incorporated into the data
base of the WRB-1 correlation of Reference 3. This is done in Table 2-3
which includes all the "R" grid data of Reference 3 plus the two new data

sets of this study.

As shown in Table 2-3, this expanded "R" grid data base yields statistics
for the WRB-1 correlation which are essentially the same as those given
in Reference 3. When values of (H/P)‘v‘ and sample standard deviatiom,
S, are used to calcuiate the 95/95 value of DNBR using the method of Owen

(Reference 4), the result is:

1 1
(DNBR)gs/95 = X 10062 = (1.7243)(0.0857)
-P-/ - KS
avg

Where K is a statistical factor (Reference 4)

(DNBR)gs/95 = 1.165
This is essentially the same value (1.17) found for the "R" grid data of
Reference 3. Hence, the design (DNBR)95/95 = 1,17 recommended in

Referenc: 3 is not changed by the incorporation of the new optimized fuel

17x17 data into the '"R" grid data base of the WRB-l correlation.

2-16



L{1-2

Heated Grid
Rod Length Spacing
0on., Ly Bsp
Inch Ft Inch
0.374 14 22
0.374 14 26
0.374 8 22
0.374 8 26
0.374 14 22
0.422 8 20
0.422 8 20
0.422 8 26
0.422 14 26
0.422 14 20
0.422 14 13
0.422 14 32
0.422 8 32
0.422 14 26
0.422 14 26
0.422 14 26
0.422 14 32
0.374 14 22
0.374(02€) g 26
14 20
14 20

+

TABLE 2-3

WRB-1 CHF CORRELATION - STATISTICAL RESULTS

Heat
Flux
Profile

UNIF
UNIF
UNTF
UNIF
COSINE
COSINE
USINU
USINU
USINU
USINU
USINMU
USINU
USINU
USINU
UNIF
USINU
USINU
COSINE
UNIF
COSINE
COSINE

ALL DATA®

Results use all "R" grid data, including new optimized 17x17 data

* TYP - Typical Cell
TH - Thimble Cell

Number of Sample
Data Pis. Standard
Configuration * N (H/P).v‘ Deviation, § Reference
TYP - 5x5 71 0.9964 0.0655 (3)
TYP 5x5 73 1.0041 0.0805
TYP 5x5 67 1.0502 0.1020
TYP 5x5 78 1.0136 0.0848
TYP 5x5 74 1.0022 0.0852
TYP - 4x4 i3 1.0042 0.0528
TYP - 4x4 33 0.9937 0.0649
TYP - 4x4 36 0.9846 0.0922
TYP - 4x4 35 1.0584 0.0816
TYP - 4x4 36 1.0100 0.0915
TYP 4x4 38 0.9737 0.0781
TYP - 4x4 38 1.0238 0.0752
TYP - 4x4 31 0.9913 0.0724
TYP 4x4 71 1.0466 0.0829
TYP - 4x4 42 0.9321 0.6595
™ 4x4 39 1.0141 0.0579
TH 4x4 37 0.9738 0.0887
TH 5x5 70 1.0002 0.0796
TH 5x5 68 1.0303 0.1048
TYP 5x5 63 0.9918 0.0970 This study
TH 5x5 38 0.9755 0.0504 This study
1071 1.5062 0.0857



1.

tics of the optimized 17x17 fuel assembly design are

ifferent from those of the original design, and can be
adequately described by the "R" grid form of the WRB-1 CHF correlation

-

with a performance factor of | ]+ Furthermore, the new data can be

incorporated into the "R" grid data base without changing the DNBR design

criterion of 1.1/,
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Westinghouse Water Reactor Nuciear Technology Division

Electric Corporation Divisions Box 355
Pittspurgh Pennsylvania 15230

April 16, 1980
Mr. John F. Stolz, Chief NS-TMA-2232
Light Water Reactors Branch #]
Division of Project Management
Office of Nuclear Reactor Regulation
U. S. Nuclear Regulatory Commission
Wasnington, D. C. 20555

SUBJECT: “Verification Testing and Analyses of the Westinghouse 17 X 17
Optimized Fuel Assembly" - WCAP-3401 (Proprietary) and WCAP-9402
(Non-Proprietary)

Dear Mr. Stolz:
Enclosed are:

i. Twenty (20) copies of Revision 1 to Sect.on ;.0 of Westinghouse Topical
Report, "Verification Testing ard Analyses of tie westinghouse 17 X 17
Optimized Fuel Assembly" (WCAP-340 Proprietary).

2. Forty (40) copies of Revision 1 to Section 3.0 of Westinghouse Topical
Report, "Verification Testing and Analyses of the Westinghouse 17 X 17
Optimized Fuel Assembly" (WCAP-9402 Non-Proprietary).

Also enclosed are:
1. One (1) copy of Application for Withholding (Non-Proprietary).
2. One (1) copy of original Affidavit (Non-Proprietary).

As discussed with members of the NRC's Core Performance Branch, this revision
was necessitated 1o reflect changes made to the system representation and
modeling of the reactor pressure vessel, reactor internals, reactor core, and
reactor support mechanism. Also incorporated into the text of this revision
are responses to NRC questions discussed during a mceting between Westinghouse
and the NRC held in March 1980.

To facilitate Staff review of this topical report, the revise’ portions of
Section 3.0 are denoted by bars in the right margin of the text. We will
reissue the entire topical report, including the revised Section 3.0 and all
related correspondence, once the Staff's review is completed and the report

approved.
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Mr. John F. Stolz -2~ April 16, 1980
NS-TMA-2232

It is our understanding that this revision will not adversely affect the
Staff's review schedule which calls for an SER by August 15, 1980. We
are available to answer any gquestions or concerns you may have on this
subject.

This submittal contain- proprietary information of Westinghruse Electric
Corporation. In conformance with the reguirements of 10CFR..790, as
amended, of the Commission's regulations, we are enclosing wi*h this
submittal an application for withholding from public disclosure and an
affidavit. The affidavit sets forth the basis on which the information
may be withheld from public disclosure by the Commission.

Correspondence with respect to the affidavit or application for withhold-
ing should reference AW-80-18 and should be addressed to R. A. Wiesemann,
Manager of Regulatory and Legislative Affairs, Westinghouse Electric
Corporation, P. 0. Box 355, Pittsburgh, Pennsylvania 15230.

Very truly yours,

T. M. Anderson, Manager
Nuclear Safety Department

/bek
Enclosure
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3.0 SAFETY ANALYSES OF THE EIGHT GRID 17x17
OPTIMIZED FUEL ASSEMBLY FOR SEISMIC AND LOSS
OF COOLANT ACCIDENTS IN WESTINGHOUSE
FOUR LOOP PLANTS

3.1 INTRODUCTION

The safety analysis for the 17x17 8-grid optimized fuel assembly (OFA)
design has been performed to assess the structural adequacy under
faulted condition loads.

The faulted conditlion loads considered in the design evaluation are
derived from the maximum responses obtained from the lateral safe shut-
down earthguake, SSE, and the loss-of-coolant blowdown accident, LOCA.
The detailed analyses including general analytical procedures, model
development, and the results of both postulated accidents are presented
in the subsequent sections of this report.

The analysts presented are applicable to a numher of Westinghouse 4-Loop
17x17 twelve foot fuel assembly plants. These plants have a similar
reactor internals design, permitting generic analyses with consideration
of variations in RPV support stiffnesses and an umbrella of the LOCA and
SSE excitations. This procedure of umbrella analyses produces struc-
tural response which are conservativelv larger than those realistically
expected from plant specific analyses.

3.2 FUEL ASSEMBLY LATERAL SEISMIC ANALYSIS

The 17x17 8-grid OFA was analyzed for maximum seismic deflection and
grid impact forces using the time history method. The dynamic charac-
teristics of a 17x17 8-grid OFA were modeled and analyzed using the
general purpose finite element computer codes. The artificial seismic
wave was developed with its response spectrum enveloping a number of
Westinghouse four loop, twelve foot fuel assembly plants (Figure 3-1).
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The core plate motions were generated based on the value of the vessel
[ ]* used in the reactor vessel model. The worst case
of core plate motion was determined by using the [

1* Figure 3-2 indicates that the response spectrum of the
seismic wave at reactor vessel support [

]0

The fuel assembly was modeled using a discrete mass and far-coupled
spring system in order to reduce the number of dynamic degrees-~f-free-
dom and to fully preserve the essential fuel assembly dynamic properties
.such as mass distribution, fundamental frequencies, mode shapes and
orthogonality relationships among distinct vibrational modes.

The general purpose computer code was programmed using the maximum
number of 15 fuel assemblies in an a ray of a reactor core in a four
loop plant.

3.2.1 ANALYTICAL PROCEDURE

For sufficiently large horizontal forces, the fuel assemblies will

def lect and impact the core barrel or an adjacent assembly. Since the
reactor core exhibits a geometrically nonlinear behavior due to core
component discontinuities, a time history method was used to obtain the
fuel assembly seismic response.

The general analytical procedure for evaluating the fuel assembly seis-
mically induced stresses and def lections is outlined in Figure 3-3.

3.2.2 FUEL ASSEMBLY LATERAL MODEL

The analytical model used is shown in Figure 3-4 and is the same as that
used in the standard Westinghouse fuel assembly analysis(z) with
appropriate changes for 17x17 8-grid OFA characteristics. The fuel
assembly skeleton is represented by the central beam lattice structure;

4806A
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Figure 3-4
Fuel Assembly Finite Element Model
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elements 3 to 101 and 4 to 102 for thimble tube including dashpots,
inserts and sleeves; elements 1-2, 3-4, 1-3, and 2-4 for the top nozzle;
and elements 101-102, 101-103, 102-104, and 103-104 for the bottom
nozzle. A pair of thimble tubes are used to represent twenty-five
thimbles. The location of the thimble tubes in the analytical model are
recalculated in order to preserve the assembly flexural rigidity during
lateral loading analysis.

Fuel tube elements 7 to 99 and 8 to 100 are attached to the skeleton
mode] and constrained by the friction elements such as 5 to 7 and 9 to
11 etc., which simulate the grid spring, dimple and various other compo-

nents necessary for analysis.

The assembly characteristics and basic assumptions are based on:

Nominal fuel rod and thimble dimensions

Nominal axial dimensions

Material properties at temperature condition

Nominal grid spring unloading stiffness and dimple stiffness
Best estimate grid spring force and dimple forces

Best estimate fuel rod to grid coefficient of friction.

The fuel assembly was constrained with core plate pins at both ends to

simulate reactor support conditions. Incremental lateral loads were
ef

applied at the fifth grid of the model, and the load deflection charac-

-
|«

teristics were oontained. igqure 3-5 gives th2 analytical results for

the lateral stiffness of the OFA.

As a result of the lateral finite element model analysis, the following
fuel assembly characteristics were noted:

-
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3.2.3 REACTOR PRESSURE VESSEL MODEL

The components of a typical reactor pressure vessel (RPV) are shown in
Figure 3-6. To obtain the proper dynamic input for the reactor core
analysis, it is necessary to develop and analyze a ¢ .mplete system
representative of the reactor pressure vessel, reactor internals,
reactor core and reactor support mechanism. A model was developed
including [ 1* behavior, effects of [

1% Decoupling the RPV model from the
remainder of the nuclear steam supply system is accompiishea by

(
]0

A finite element representation using the HECAN(I) computer code is
used to solve the transient response for postulated seismic and
loss-of -coolant-accident (LOCA) excitations. A schematic of the model
is shown in Figure 3-7. The model is [

1* Elements input to the model
include [

1° The model is best described
as [

]0

Note tnat the segments of the model shown in Figure 3-7 are combined
properly in the total RPV model and are discussed separately only for
the purpose of clarification. First, the structural portion of the
model shown in Figure 3-7, a through c, will be discussed, presenting
the model from the innermost segment outward, and then discussing the
coupling of the [ )38 Following the
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Figure 3-7(a) Core Barrel Interrals' Model




Figure 3-7(b) Reactor Core Barrel Model




RPY Shell Mode!




Figure 3-7(d)

Vertical Hydrodynamics Model
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structural discussion, the [ 1" modal will be (a,c)
described.

+(a,c)
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k 3

Fluid-structure or hydroelastic interaction is included in the reactor
pressure vessel model for seismic evaluation. For purposes of discus-
sion, the hydroelastic interaction can be convenient!y divided into
horizontal and vertical phenomena. The horizontal hydroelastic inter-
action is significant in the cylindrical fluid flow region between the
core barrel and reactor vessel (the downcomer). [

]’ For LOCA considerations, the downcomer (a,c)
fluid-structure interaction is included in the thermal-hydraulic loads
from the MULTIFLEX(S) program.
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The portion of the model representing the vertical fluid-structure
interaction is shown in Figure 3-7(d). This fluid model represents the
fluid forces (inertia, stiffness and buoyancy) that act on the bounding
structures and couples these forces to the structures' vertical move-
ments. Incorporating this [ 1" model provides a
realistic me.nou for including vertical fluid-structure interaction
phenomena. The mode! includes the actual water mass in the reactor
vesse! and no virtual water mass is employed, i.2., the reactor vessel
weight corresponds to the physical value. The [

1* model is removed for LOCA evaluation.
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+(a,c)

_'3.2.3.1 Seismic Evaluation

A nonlinear, time-history seismic analysis of the reactor pressure
vessel model was performed. The seismic excitation was applied at the
RPY support location and was synthesized to contain a wide range of
frequency components. The excitation was developed such that the

-

1* The (a,c)
response spectra from the synthesized and umbrella spectra are shown in
Figure 3-1. As a result of tre RPV transient analysis, the motion of

the nodal points in the model were obtained including [ ¢

4806A 3-19
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A number of RPY seismic time-history analyses were performed for the
effect of [

1* Because the core seismic analysis indicated that the fuel .
assembly response is in general dependent upon the | '

]’ The worst case time-history response of the core plates and
the relative upper to lower core plates are shown in Figures 3-8 and 3-9
respectively. The displacements were digitized and used as input to the
core model.

3.2.3.2 Loss-of-Coolant-Accident Mvaluation

The RPY mode! was analyzed for the effect of worse case loss-of-coolant-
accidents (LOCA). LOCA excitation results from the release of the
pressurized prima- . .ystem's coolant and, for guillotine pipr breaks,
from the disturtance of the mechanical equilibrium in the piping which
is present prior to the rupture. The release of coolant leads to
depressurization waves traveling internal to the primary coolant system
and, for ruptures postulated at the RPV safe ends, pressurization occurs
rapidly in the cavity surrounding the vessel. The RPV cavity pres-
surization can exer. an asymmetric force on the outside of the RPV.
Thus, the loade induced on the RPV and internals for LOCA may be
characterized as: (1) reactor coolant loop mechanical lecads (for guil-
lotine ruptures), (2) reactor internal hydraulic loads and (3) RPV
cavity pressurization loads (only for breaks at the reactor vessel safe
end locations). The reactor internals hydraulic loads were calculated
using the MULTXFLEx(s) thermal hydraulic code which considers the
flyid-structure interaction in the downcomer. Loop mechanical loads
were obtained from loop normal operating condition analyses of typical
four loop plants. Reactor cavity pressurization loads were obtained
from typical cavity loads calculations.

3-20
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There are eleven postulated break locations in the primary coolant
systen(s): five in the hot leg pipe, three in the cross-over leg pipe
and three in the cold leg pipe. Break location: were chosen from these
to produce the worse case response of the reactor core with respect to
grid lateral impact loads and fuel assembly to core plate interface
loads. Analyses were performed for three worse case pipe ruptures: [

]¢

These break locations have been shown to be worse case based upon the
results of previous structural analyses of Westinghouse supplied reactor
coolant systems. Cold leg pipe ruptures produce more severe lateral
impact loads than hot leg pipe ruptures. Cross-over leg ruptures do not
induce significant loads on the RPV. Thus, for lateral response, the
breaks at the [

]‘ Review of break opening areas as determined from LOCA
analyses of primary coolant systems revealed that break opening areas
did not exceed [ 1* for ruptures
at the vessel inlet safe end and pump outlet safe end, respectively. A
vessel inlet nozzle rupture with a break opening area of [

]’ was chosen as a conservative analytical basis for cold leg
pipe ruptures. Additional break locations must be considered to assure
that the maximum fuel nozzle vertical loads are determined. For the
purposes of conservatism, the maximum break opening area postulated in
the hot leg was analyzed: [

]’ An RPV outlet nozzle rupture was also considered to
determine the effect of a hot leg break with cavity pressure. A [

]' was analyzed since break opening areas for
RPV outlet nozzie safe end ruptures do not exceed [ Yy
Thus, considering the [

]’ leads to determination of the worse case vertical
fuel assembly nozzle loads. Several analyses were conducted for each of
the postulated break locations for the effect of [

1* The results include transient core plate and
core barrel displacements for input into the reactor core LOCA model.
In addition, fuel assembly vertical nozzle loads were obtained.
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3.2.4 REACTOR CORE MODEL (HORIZONTAL)

The analytical re2z.or core model, shown in Figure 3-10 was used to
simulate the fuel assembly interaction during seismic excitation. A
total / 15 fuel assemblies was used to analyze the core response. The
fuel a‘semby contains eight grids, two of which are near the end sup-
ports and can be considered as an integral part of the end suppor's,
therefore, a six mass model was selected to represent the dynamic
rasponse of the fuel assembly's six interior Zircaloy grids. A spring
mass sy<tem was used to simulate the dynamic characteristics of the fuel
assem. les. The values for the spring rates and mass distribution for
the model w. ° calculated based on fuel assembly analytically determined
mode shapes and corresponding frequencies. The model used far-
coupling(3) .3chniques to ou*tain the proper fuel assembly dynamic
characteristics, consequently, an accurate representation of the fuel
assembly modal shapes and natural frequencies were obtained.

The analysis of the upper and lower reactor core plate motions indicated
that the relative horizontal displacement was small in comparison with
the translational motion (Figures 3-8 and 3-9). The core plates
together with the core barrel translate herizontally as a rigid body.

The lower core plate, upper core plate and the core barrel motions at
uprer core plate elevations F,(t), Fp(t), and F3(t) respectively

were simultaneously applied to the complete core model. The core barrel
motions at each individual grid elevation were then linearly inter-
polated between the mctions of the upper core barrel and the lower core
plate at every particular time instant.

The core finite element model containing gaps was used to simulate the
geometric non-linearities between the fuel assemblies as well as the

clearance between the peripheral fuel assemblies and baffle plate. The
nominal hot gap sizes of [ 1* inch were used for ba‘fle (a,c)
plate peripheral and fuel assembly gap respectively.

The equation of motion for the structural system is given by:
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Figure 3-8 Upper Core Plate, Lower Core Flate,
and Upper Core Barrel Motions - SSE
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Figure 3-9 Upper to Lower Core Plate Motions-17x17 8-Grid OFA




(M) (X} + (€] {X} * (K] {x} = {F(t)}
where:

[M] = the total mass matrix of the structure

[C] = the total viscous damping matrix of the structure
(K] = the tota) stiffness matrix of the structure

{x} = the nodal point displacement vector

{i} = the noual point velocity vector

{X} = the nodal point acceleration vector

F(t) = the vector of applied nodal forces

A general finite element code using the Newmark-Beta multistep direct
integration method(a) was used to calculate the aisplacement response
solutions at each successive time step by iterating the impact force.

The time increment of [ ]’ msec. was chusen for the transient
analyses to assure the proper soluticn convergence. The selected time
increment is approximately [ ]’ of the shortest period
of the core system.

3.2.5 FUEL ASSEMBLY DYNAMIC PROPERTIES

The analytical techniques to determine the fuel assembly response to a
seismic wave discussed in the previous section requires fuel assembly
dynamic properties as input information.

The lateral natural frequencies and mode shapes of the 8-grid assembly
were calculated by use of a general finite element fuel assembly model
which included the major components such as skeleton, fuel rods, grid
springs, dimples, etc., their geometric configuration, and physical
properties. These values were verified by test results, and a plot of

3-25

4806A

(a,c)

(a,c)



the fuel assembly mode shapes is presented in Figure 3-12. Based on the
modé shapes and natural frequencies, an equivalent spring mass finite
element system was constructed preserving the fuel assembly dynamic
characteristics such as fundamental frequencies, mode shapes, masses and
the orthogonality relation of the principal modes.

In the reactor core model, the fuel assembly was represented by a series
of springs and masses as shown in Figure 3-11. Trhe mechanical constants
used for the 8-grid fuel assembly design analysis are presented in Table
3-1. The spring stiffnesses given in Table 3-1 have been adjusted to
include the water mass and temperature condition.

The impact damping and stiffness elements designated as CS' CG' and

Ks. Kg in the reactor core model (Figure 3-10) were also determined
experimentally. The stiffness, KS' which represents the combined fuel
rod and dimple stiffness constraint within the grid and characteristic
rod motion relative to the grid, was obtained from fuel assembly tests.
In these tests, the general procedure was to displace the fuel assembly
center grid a prescribed amount relative to the ends and suddenly remove
the restraint. The fuel assembly was then free to vibrate and impact
with a lateral constraint which was positioned approximately 0.04 inches
from the rest position in the opposite direction to the midspan initial
Aisplacement. A load cell was placed in series with the grid con-
straints to measure the impact force as a function of time. Displace-
ment transducers were located at various grid locations along the fuel
assembly to determine its response during the impact. Based on the
results of these tests, appropriate impact stiffness, Kg, and damping,
CS, constraints were obtained.

The physical values for Ko, Cs, Kg and Cg are given as the fol-

lowing:
Kg = [ 1" 1b/in Kg = [ 1" 1b/in (b,c)
Cg = [ 1" 1b-sec/in Cg = [ 1" 1b-sec/in (b,c)

The value, Kgs represents the grid dynamic stiffness a1d was deter-
mined experimentally from grid impact tests. These tests were conducted
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TABLE 3-1

MECHANICAL CONSTANTS FOR 17x17 8-GRID
OPTIMIZED FUEL ASSEMBLY MODEL (FULL)

Mass Sporing Stiffness Damping Coefficient

2

Ib=sec®/in 1b/in. Ib=sec/in.
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Figure 3-10 Schematic Representation of Computer Model used to
Analyz. Core Dynamic Response
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both at amhient temperature and operating temperature using prototype
grids. Partial length fuel tubes were inserted in the grids to siawulate
reactor structural support conditions. A pendulum type impact fixture
was used which simulated the impact loads predicted by seismic analysis.
The impact hammer weight was predetermined based on the fuel assembly
grid span weight. A load cell was mounted in series with the grid to
measure the impact force and duration. The grid dynamic buckling
strength, impact duration, and the restitution (impact damping, CG)

were obtained from these tests and incorporated into the reactor core
(seismic) model. The grid typical buckling failure mode obtained from
the dynamic impact tests indicated local deformation of two inner rows
of cells. This type of failure mode is advantageous since the thimble
tube locations are not distorted. The buckling strength obtained from
the grid dynamic tests are compared with fuel assembly grid impact
forces obtained from the seismic analyses of the reactor core model.

3.2.6 CORE SEISMIC RESPONSES

The rezctor vessel model was analyzed using the synthesized time history
applied at the reactor support. The responses of the upper core plate,
lower core plate, and the baffle plate obtained from this model were
used as the input to the reactor core model. The maximum responses of
an optimized fuel assembly aré used to assess the fuel assembly
se1.mic capability.

The central grids (grid No. 4 and No. 5) relative displacement responses
for the 17x17 &-grid optimized fuel assemblies No. 1, No. 10, and No. 15
are plotted and shown in Figures 3-13 through 3-15, respectively.

Figure 3-14 shows that fuel assembly No. 10 has a maximum fuel assembly
deflection of [ 1* inches at t=5.3090 seconds.

Figures 3-13 and 3-16 show the fuel assembly central grid responses for

the peripheral fuel assemblies. The displacement plots indicated that
the fuel assembly motion was limited by the core barrel restraints which

in turn resulted in grid impact forces.
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Figure 3-13 - Displacement Responses of Fuel Assembly
No. 1 - Grid No. 5 and Gr.d No. 4

3-32



Figure 3-14 Displacement Response of Fuel Assembly

No.

10 - Grid No. 5 and Grid No. 4
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Figure 3-15 Displacement Responses of Fuel Assembly

No. 15 - Grid No. 5 and Grid No. 4
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Figure 3-16

+(a,c)

Impact Force Responses Between Fuel Assembly
No. 1 and Baffle Plate - Grid No. 5 and Grid

No. 4
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The central grid impact force response for the peripheral fuel assem-
blies (No. 1 and 15) during a ten second seismic analysis are shown in
Figures 3-16 and 3-17. A maximum impact force of [ 1* 1bs between
grid No. 4 of the first fuel assembly and the baffle plate restraints
occurred at t=5.2365 seconds after initiation of the postulated seismic
events.

The seismic results of a reactor core comprised of 193 17x17 8-grid
optimized fuel assemblies are summarized in Table 3-2. The tabulated
values are the absolute maxima at each of the designated grid eleva-
tions. Based upon the maximum relative displacement response, the fuel
assembly component stress distributions were then calculated using a
general fuel assembly model as described in Section 3.2.2.

The maximum grid impact force of [ 1* 1bs. is well below the
experimentally established lower 95 percent confidence limit of the true
mean Zircaloy grid dynamic crush strength of [ 1" 1b at operating
temperatuce, 600°F. It is thus concluded that a coolable geometry is
maintained during the postulated conservative seismic event.

The results of the full core seismic analysis indicated that the grid
impact force and the fuel assembly relative displacement responses were
approximately symmetric with respect to the middle elevation of the
reactor core. The symmetric responses were due to the core geometric
configuration and the seismic forcing functions. The relative hori-
zontal displacement between the upper core plate (including the upper
core barrel) and the lower core plate is small in comparison with the
amplitude of the horizontal oscillation. The input forcing functions
can be considered as approximately symmetric. Thus, a symmetric model
could be used as an alternate system for core seismic analysis.

3.2.7 FUEL ASSEMBLY SEISMIC STRESSES

The results of the analysis using the synthesized seismic wave indicated
a maximum fuel assembly center grid displacement of [ 1% inch,
which was equivalent to the physical limit imposed by the accumulated
interfuel assembly gaps plus grid flexibility.
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TABLE 3-2

17x17 8-GRID OPTIMIZED FUEL ASSEMBLY

SEISMIC ANALYSIS RESULTS SUMMARY

Max. Peripheral FA*
Grid Impact Force Relative Displacement
FA Value FA Value
Grid Nojk No. (1bs) Time No. (inches) Time
: P iy
6
5
4
3
2

+(a,c)

*The relative displacement with respect to

4806A
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Figure 3-17 Impact Force Responses Between Fuel Assembly
No. 15 and Baffle Plate - Grid No. 5 and Grid

No. 4
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Based on :he maximum displacement response, the fuel assembly stress
distributions were calculated using the fuel assembly lateral model.
The calculated thimble and fuel tube stresses corresponding to a stan-
dard fuel assembly are tabulated in Table 3-3. The tabulated stresses
were the maximus values obtained between grids for the particular span.

The maximum stresses for various fuel assembly components were compared
with the allowable limits and are tabulated in Table 3-4, All the cal-
culated seismic stresses 2re well telow the acceptable limits.

The critical thimble tube buckling stress due to combined bending moment
and axial compression would result in substantialiy higher stress than

the material yield strength. As shown in Table 3-4, the combined stress
is well below the yield strength, thus the thimble tube will not buckle

elastically.

3.3 LATERAL BLOWDOWN ANALYSIS

3.3.1 ANALYTICAL PROCEDURE

The fuel assembly responses resulting from a limiting pipe break acci-
dent were analyzed using the time history method. The limiting LOCA
accident was established based on the results of a series of parametric
studies on various pip2 break locations and sizes for a typical Westing-
house four loop reactor design.

The forcing function used in the analysis was an asymmetric transient
loading with respect to the reactor core model. [t was developed from
the time dependent hydraulic cavity pressure, loop mechanical loads and
lateral loads as a result of a nipe rupture. The dynamic character-
istics of the complete fuel assembly at operating temperature conditions
were fully preserved in a reactor core modeling consideration. The
reactor core finite vlement model, which is similar to the seismic core
model as described in Section 3.2 was used to obtain the fuel assembly
deflection and grid impict loads. The general analytical procedure for
obtaining the grid impi.~ forces and fuel assembly deflection responses
is outlined in Figure 3-12
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TABLE 3-3

FUEL ASSEMBLY STRESSES FOR SSE

Thimble Stresses (ksi)

Fuel Tube Stresses (ksi)

Span
Location

Max Max
Direct Bending

Max
Combined

Max Max Max
Direct Bending Combined

Top 9

Bottom 1

ﬂ

4806A
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TABLE 3-4

FUEL ASSEMBLY MAXIMUM SEIS STRESSES AND LIMITS AT
REACTOR OPERATING CONDITION (600°F)

Primary Stresses (ksi) Combined Stresses (ksi)

Max

Direct
Max. Max. and

_ ‘a) _ r
Component Direct Bending Allowablet?- Bending A owable~a]

- *a,c)
—
Thimble

Sleeve
Insert

.
Fuel Qodtb}

Top and Bottom Nozzles

Westinghouse WCAP 9500 Sec.

The primary operating stresses due to the pressure differential icross the

cladding of 1250 psia at BOL zero burnup, hot operating temperature, are
+

- "

and o, o= [ ] ksi. The resulting combined stresses in (a,c)
comparing with allowable Timits indicate that all stiesses are well below the
acceptable limits.

o = [ 1" ksi

Small Value.
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3.3.2 ANALYTICAL METHOD AND MODELING

The vessel motion irnduces primary lateral loads on the reactor core.
The seismic model described in Section 3.2 was used to cbtain the fuel
zssembly deflection and grid impact responses. The upper core plate,
lower core plate, and upper ccre barrel motions (Figure 3-19) resulting
from the reactor vessel movement indicated significant difforences.
These differences were noticed at any instant after the initiation of
the pipe rupture. A complete core finite element model consisting of
the maximum number of fuel assemblies across the core diameter was used
to analyze the fuel assembly responses.

Figure 3-19 shows the plots of typical transient motions for the upper
core plate, lower core jlate and core barrel. These motions are
obtained from the time history analysis of the general reactor vessel
and internals finite element mode] as described in Section 3.2.3.

The complete core model is schematically shown in Figure 3-20. The
lower core plate, upper core plate, and the core barrel motions at each
individual grid elevations cesignated as Fi(t), Fp(t), Fa(t), ...,

and Fg(t), respectively were then simultaneously applied to the ccm-
plete core model.

3.3.3 LATERAL BLOWDOWN ANALYSIS RESULTS

The fuel assembly response, namely, displacements and grid impact
forces, was obtained from th2 reactor core model using the core plates
and core barrel motions. A typical displacement response for a periph-
eral fuel assembly position at each individual grid elevation relative
to the fuel assembly centerline is given in Figure 3-21. Examination of
the fuel assembly response curves indicate tnat the initial relative
motion is in the opposite direction with respect to the excitation
motion. The fuel assembly motica then rev'rses resulting in impacting
at the baffle wall opposite the pipe break. The maximum fuel assembly
deflection which occurs in the peripheral fuel assembly was approxi-
mately [ 1" inches at grid Mo. 4 of fuel assembly No. 2 at (a,c)

t«=0.3936 second.
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Figure 3-19 Upper Core Plate, Lower Core Plate and Core
Barrel Motions
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Syt

Figure 3-20 Schematic Representation of Computer Model used
to Analyze Core Dynamic Response
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Figure 3-21 Optimized Fuel Assembly No. 1 Relative
Displacement Response
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The fuel assembly grid impact forces were alsc obtained from the reactor
core time history response. The maximum impact force occurs at the
peripheral fuel assembly location adjacent to the baffle wall. The peak
impact force occurs at the 4th grid elevation. The grid impact forces
are also rapidly attenuated for fuel assembly positions inward from the
peripheral fuel. The grid impact force for the peripheral fuel assembly
adjacent to the baffle on the opposite side of the reactor were substan-
tially lower. Consequently, only a small portion of the core experi-
ences substantial grid impact forces. The maximum grid impact force of
[ ]+ Ibs occurred at grid lecation No. 4 at t=0.2841 seconds after
initiation of a postulated RPV inlet nozzle break accident. Figure 3-22
shows the typical impact force plots for peripheral fuel assembly No.
1. The impact force responses at grid No. 4 between the peripheral fuel
semblies and baffle plates are given in Figure 3-23.

The maximum responses for the various grids of a 17xl17 8-grid optimized
fuel assembly are summarized in Table 3-5. The stress distribution for
all optimized fuel assemblies is tabulated in Table 3-6. The maximum
fuel assembly component stresses together with their allowable limits
are given in Table 3-7. As seen from the tabulated values from this
table, the fuel assembly stresses resulting from the maximum fuel
assembly deflection indicated substantial safety margins compared to the
allowable values.

3.4 VERTICAL BL"WDOWN ANALYSIS

The blowdown accident is postulated as a sudden rupture of a primary
coolant pipe. This accident causes waves to propagate through the
reactor pressure vessel and excite the various internal components. The
mathematical modeling and techniques used to determine the component
dynamic response of the reactor internals model are discussed in
Reference 7.

3.4.1 FUEL ASSEMBLY AXIAL MODEL

The fuel assembly model shown in Figure 3-24, a one-dimensional (axial)
finite element model, was used to represent the fuel assembly structure
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TABLE 3-5

17x17 8-GRID OPTIMIZED FUEL ASSEMBLY
' 1" ANALYSIS RESULTS (a,c)

Max. Peripheral FA*
Grid Impact Force Relative Displacement

FA Value FA Value
Grid No. No. (1bs) Time No. (inches) Time

+(a,c)

*The relative displacement with . ,pect to the fuel assembly centerline.
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TABLE 3-6

FUEL ASSEMBLY STRESSES FOR

. 1 (a,c¢)
( 1 (a,c)

Thimble Stresses (ksi) Fuel Tube Stresses (ksi)

Span Max Max Max Max Max Max

Location Direct Bending Comb ined Direct Bending Combined
+(a,c)

Top 9

Bottom 1
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TABLE 3-7

FUEL ASSEMBLY COMPONENT STRESSFS AND LIMITS, LOCA

Allowable
Max. Direct Max. Bending A’ lowable Max. Combined Stress
Component Stress Intensity Stress Intensity Stress Limit Stress Intensity Intensity
(Ksi) (Ksi) (Ksi) (Ksi) (Ksi)
— — | *(a,
Fuel Rod
Thimble
Sleeve
Insert
-
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- 7 + (a.0)

| -

Figure 3-22 OFA Grid Impact Force Responses
Fuel Assembly No. 1
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Fuel Assembly No. 1
and Baffle Plate
Impact

Fuel Assembly No. 15
and Baffle Plate
Impact

Figure 3-23 Optimize. Fuel Assembly Grid No. 4 Impact Force Responses
Between Peripheral Assemblies and Baffle Pla:e
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Figure 3-24 Fuel Assembly Finite Element Model for Axial Analysis
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and was analyzed using a general finite element code. The model is the
same as that used in standard Westinghouse fuel assembly analyses(z’
with appropriate changes for 17x17 OFA mechanical properties. The tep
and bottom nozzles are represented by the one dimensional spring
elements 1-3 and 19-23, respectively. The one-dimensional spring
elements shown betws2en nodal points 3 and 19 inclusively represent the
total (24) thimble s*iffness. The stiffness of fuel rods is modeled
with the 1-D spring elements between nodes 4, 6, etc. to 18. The fuel
rod-grid friction is simulated by the sliding glements 4-5, 6-7, etc.
The linear spring 21-19 represents the stainless steel inserts.

The 1-D spring finite element used in the analytical model, depending on
the mechanical response desired, can be chosen as a single or ouudle
acting spring, with or without an initial preload. In addition, a
parallel viscous damper with a concentrated nodal mass can be added to
the spring elements for dynamic analysis. Thc sliding elements are
primarily shear transmitting members which produce relative motion or
slip between adjacent elements when the shear load exceeds the maximum
predetermined frictional value.

The spring rate for the various spring elements was determined as
follows:

7, For the thimble elements

where

«4 = length of span i
A = thimble cross-sectional area
n = number of thimbles

b) For the fuel rod elements, the above equation is reevaluated
using fuel rod properties

3-
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The model constants were obtained using the following assumptions:

- Nominal fuel rod and .nimble dimensions

- Axial loads equally distributed (i.e., each of the thimbles or fuel
rods carry the same loads respectively).

- A1l the ‘uel rods at each grid elevation slip as a unit when the
force exceeds the total drag force of all the rods per gr .d.

- The fuel rod-grid friction forces were obtained experimentally for
the cold BOL conditions. The friction forces at operating con-

ditions were determined based on the fuel rod normal forces.

- The spring stiffness values were based on the material properties at

operating temperatures.

3.4.,2 FUEL ASSEMBLY MODEL VERIFICATION

3.4,2.1 Static Deflection Analysis

An analytical study of the fuel assembly axial model, shown in Figure
3-24, was performed in which the sensitivity and effects of the various
model physical parameters were determined. The fuel assembly axial load
deflection characteristics were calculated for the normal operaiing
conditions. Plots of the load deflection characteristics for the hot
(600°F) and cold conditions are presented in Figure 3-25. The nonlinear
behavior is a result for fuel rod slippage in the grids as the rod to
grid forces reach the friction force 1imit. The fuel rod slippage

occurs initially at the exterior grid elevatio

—

s (‘.e., the grids
adjacent to the nozzles) 7nd continues, successively, toward the fuel

assembly interior gric "“Jcations for increasing axial loads.

3.4.2.2 Dynamic Analysis

During a blowdown accident, tre hydraulic forces produced by a main

coolant pipe rupture cause :he fuel assemblies to translate vertically
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Load (1b)

6000

— ¢ (2,0)

3000

2000+

1000-

0.05
Deflection

Figure 3-25 FUEL ASSEMBLY AXIAL LOAD DEFLECTION
CHARACTERISTICS
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and impact with the upper and lower core plaies resulting in rapidly
applied axial loads. To ascertain the fuel assembly impact force
accurately under these conditions, an experimental and analytical study
of the fuel assembly was performed in which the fuel assembly was drop-
ped vertically from a predetermined height onto 2 rigid constraint. The
Jrima: y Objective of the study was to simulate analytically the external
forces generated by an axial impact and to determine the internal force
and stress distribution within the fuel assembly of the various major

components.

The finite element model formulated for the static axial stiffness study
was used in the irpact analysis to obtain the fuel assembly dynamic
characteristics.

The viscous damper was modeled in parallel with the bottom nozzle to
simulate the impact damping. The value for the damping coefficient was
obtained from the following relation:

Impact Damping Coefficient = D AI K Mg

where:

Kn = bottom nozzle stiffness

Mg = fuel assembly mass
D = experimentally determined constant

The value for the impact damping coefficient was determined from experi-
mental and analytic study. The fuel assembly impact loads were gener-
ated analytically be applying gravitational forces to the finite element
model, suddenly releasing the constraints and allowing it to translate
axially and impact with a rigid surface. This procedure was used to
determine the fuel assembly impact force response versus impact velo-
city. The analytical prediction using the finite element model was
compared with experimental data from fuel assembly axial impact tests.

A series of impact tests were performed in which a prototype 17x17
8-grid fuel assembly was dropped from predetermined heights of [
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]’ inch. These drop heights were chosen so as %0 complement the (a.c)
values predicted analytically for a blowdown accident. The data
obtained from these tests included fuel assembly external impact force
(measured at the bottom nozzle), internal strain distribution, fuel
assemoly grid deflection, impact time, and coefficient of restitution.
The tested fuel sssembly was pregapped for the zircaloy grids to simu-
late the grid spring relaxation.

The test setup consisted of a full-length prototype fuel assembly, a
rigid impact surface connected in series with a load cell, a magnetic
quick release mechanism, and displacement transducers. The fuel
assembly impact force and rebound versus drop heights were recorded. A
parametric study was performed to determine the appropriate damping

coe “icients for the finite element model.

3.4.3 FUEL ASSEMBLY RESPONSE

An analysis of the reactor internals was performed for three break loca-
tions as defined in reference (6). The general locations and size of
the break areas are as follows: [

¥ A summary of the fuel assembly maximum impact (a,c)
forces for the various cases considered are presented in Table 3-8. The
fuel assembly displacement response for the various hot leg breaks
showed no impacting of the top nozzle with the upper core plate. The
( 1% resulted in the
largest fuel assembly impact force and, therefore, was used as a conser-
vative value to assess the fuel assembly components stresses.

(a,c)

Figures 3-26 and 3-27 show the typical impact force responses at the
fuel assembly bottom nozzle and top nozzle holdown spring, respectively.

3.4.4 FUEL ASSEMBLY COMPONENT STRESSES

The fuel assembly component forces are a nonlinear function of the
assembly impact force. Consequently, an iterative process in which the
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TASLE 3-8

FUEL ASSEMBLY IMPACT FORCES FOR VARIOQUS BREAK LOCATIONS

Vertical Vertical
Break Break Impact Forces Impact Forces
Case Location Size (in?) Soft Support (1b) Stiff Support (1b)
1
2
3
| — e

+(a,c

— —— — — — ——
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Figure 3-26 Impact Force at Bottom Nozzle




T+ (a,c)

Figure 3-27 Holddown Soring Force at Top Nozzle
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fuel assembly was impacted from various drop heights was used to obtain
the desired impact force. The fuel assembly component forces and
corresponding stresses resulting from a fuel assembly simulated drop
impact analysis in which the impact force was [ ]0 Ibs. are pre-
sented in Table 3-9. The maximum component stresses obtained from the
- limiting cases are presented in Table 3-10.

3.5 SUMMARY AND CONCLUSION

The analytical results of the faulted condition evaluation are briefly
summar ized in the following paragraphs.

©3.5.1 SEISMIC ANALYSIS

The time history method was used to obtain the maximum fuel assembly
relative deflection and grid impact force responses. The synthesized
seismic wave with its own response spectrum envelops the design floor,
response spectrum at the reactor vessel support for a number of Westing-
house four loop, twelve foot fuel assembly plants. The core plate
motions were obtained using the reactor vessel model with various
combinations of reactor support stiffnesses. The most severe transient
was selected as an input for the core wou=!. The reactor core was
evaluated using a discrete mass and spring finite element model and the
time history motions as excitation input. The results of the analysis
indicated that the maximum grid impact force was approximately [ 1*
percent of the allowable grid load strength. The fuel assembly maximum
deflection response was [ 1% inches, resulting in fuel rod and
thimble stresses well below the establishei allowable values.

Based on the maximum responses obtained from the seismic analysis, com-
ponent buckling strength, and allowable stress values, it is conrc luded

that the 17x17 8-grid optiriized fuel assembly is adequately designed to
remain functional, i.e., “he core coolable geometry will be maintained

in the event of a Safe Shutdown Earthquake (SSE).
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TABLE 3-9

FUEL ROD AND THIMBLE BLOWDOWN FORCES AND STRESSES

+

L -
Thimble Fuel Tube
Load/ Direct Load/ Direct
Location Thimble (1bs) Stress (ksi) Tube (1bs) Stress (ksi)

1st span (bottom)

2nd

3rd

ath

5th

6th

7th

8th

9th

span

span

span

span

span

span

span

span (top)

pr—

*Inserts

**Sleeve
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TABLE 3-10

FUEL ASSEMBLY COMPONENT BLOWDOWN STRESS AND LIMITS (KSI)

Allowable
Max. Uniform Allowable Stress Combined Stress Stress Limits
Component Stress Intensity Limit (P". PL) % ’Afg (P" + Pﬂ' PI).
e o
Thimble
Fuel Rod
Inserts

Top Sleeves

Top Nozzle Plate

Bottom Nozzle Plate
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3.5.2 LATERAL BLOWDOWN ANALYSIS
The lateral blowdown analysis was also performed to obtain the grid
impact forces and fuel assembly deflection responses resulting from the
most limiting main coolant pipe break. Since the resulting vessel
motion was primarily an asymmetric transient, the finite eiement model
representation of a full core was analyzed usinc the time history
method. The most limiting break was identified as the [
1* break based on a series of fuel assembly responses. (a,c)

The maximum fuel assembly relative deflection was approximately

[ 1* inches. The fuel assembly component stresses resulting from |("°)
this deflection indicate substantial margins compared to the allowable
values. The maximum grid impact force was approximately [ 1* per- I(a.c)

cent of the allowable grid load at temperature. The allowable gr '
impact load is established as the lower 95 percent confidence limit on
the true mean of the exporimentally determined grid crush strength at
600°F. It is concluded that the 17xl7 8-grid optimized fuel assembly is
structurally capable of resisting the hypothetical pipe break accident
and also able to maintain the coolable geometry for all fuel assemblies
throughout the transient.

3.5.3 VERTICAL BLOWDOWN ANALYSIS

Three major primary coolant pipe break sizes and locations, as specified
in Reference 6, were used in the vertical blowdown analysis to establish
the maximum impact force response. The fuel assembly response and
impact forces were obtained for each of the three aforementione’ Jipe
locations to determine the limiting breaks.

The vertical blowdown analyses of various break locations indicated the
response obtained from a [

1% in a four loop plant would result in a maximum impact force, in (a,c)
this case an impact load, of [ 1* 1bs at the bottom nozzle legs of (a,c)
the fuel assembly. The maximum fuel assembly component stresses corre-
sponaing to the maximum impact force indicated that they are well below
the allowable stress values established for faulted condition Toads.
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3.5.4 CONCLUSION

The analytical model representation of a reactor core adequately char-
acterizes the core response under seismic and LOCA excitations. Static
and dynamic structural test results of a fuel assembly compared with
analytical predictions indicate that the fuel assembly lateral and axial
structural behavior can be fully determined with finite element models.
It was concluded that these analytical models could be used to investi-
gate fuel assembly responses under the lateral seismic, lateral blowdown
and vertical blowdown accidents. Analysis of the 17x17 8-grid optimized
fuel assembly component stresses and grid impact forces due to a postu-
lated faulted condition accident has indicated that the design is struc-
turally acceptable based on the established allowable design limits.
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Westinghouse Water Reactor Nuciear "echnaiogy Oivision

Electric Corporation Divisions 301 355
Pittspurgn Pennsyivania 15230

September 17, 1980
NS-TMA-2310

Mr. James R. Miller, Chief

Specia! "rojncts Branch

Oiv-.ion of Project Management
U.S. Nuclear Regulatory Commission
Phillips Building

7920 Norfolk Avenue

Bethesda, Maryland 20014

Subject: "Verification Testing and Analyses of the Westinghouse 17x17
Optimized Fuel Assembly" - WCAP-9401 (Proprietary) and
WCAP-9402 (Non-Proprietary)

Dear Mr. Miller,

Enclosed are:

1. Forty (40) copies of Appendix A, "WEGAP Verification with the U.S.
NRC Sample Problems" to the subject topical report (WCAP 9401
Proprietary)

2. Thirty-five (35) copies of Appendix A, "WEGAP Verification with the
U.S. NRC Sample Problems" to the subject topical report (WCAP 9402
Non-Proprietary).

Also enclosed are:
1. One (1) copy of Application for Withholding (Non-Proprietary).
2. One (1) copy of original Affidavit (Non-Proprietary).

The enclosed report fulfills a Westinghcuse commitment made via
telephone conversation of April 16, 1980 with the Staff's Mr. G.
Alberthal to supply the necessary documentation to verify the general
finite element computer code WEGAP, which was used in the supporting
analysis to WCAP 9401, Section 3.0 to calculate the dynamic structural
response of the reactor core.

[t is Westinghouse's understanding that submittal of this appendix will
not adversely impact the NRC's review schedule for WCAP 3401.

Once WCAP 9401/9402 receives NRC approval, Westinghouse plans to
incorporate this appendix into the approved, or "A" versions of this
topical report.
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This submittal contains proprietary information of Westinghouse Electric
Corporation. In conformance with the requirements of lOCFRZ2.79Q0, as
amended, of the Commission's regulations, we are enclosing with this
submittal an application for withholding from public disclosure and an
affidavit. The affidavit sets forth the basis on which the information
may be withheld from public disclosure by the Commission.

Correspondence with respect to the affidavit or application for
withholding should reference AW-30-58, and should be addressed to
R. A. Wiesemann, Manager of Regulatory and Legislative Affairs,
destinghouse Electric Corporaticn, P.0. Box 355, Pittsburgh,

Pennsylvania 15230
zs:yzfruTy yours,

T P
%4/ (ol

T. M. Anderson, Manager
Nuclear Safety Department




Westinghouse Water Reactor
Electric Corporation Divisions

Pitrspurgh Pennsyivania 15230

September 18, 1980
AW-80-58

Mr. James R. Miller, Chief

Special Projects Branch

Division of Project Management

J. S. Nuclear Regulatory Commission

Phillips Building

7920 Norfolk Avenue

Bethesda, Maryland 20014

APPLICATION FOR WITHHOLDING
INFORMATION FROM PUBLIC DISCLOSURE

SUBJECT: WCAP-3401, "Verification Testing and Analyses of the Westinghouse
17X17 Optimized Fuel Assembly"

REF: Westinghouse Letter No. NS-TMA-2310, Anderson to Miller, dated
September 17, 1980

Dear Mr. Miller:

The proprietary material transmitted by the referenced letter supplements
the pronrietary material previously submitted concerning the Westinghouse
Optimized Fuel Assembly Testing/Analyses Program (Reference: NS-TMA-2057
dated March 30, 1979). Further, the affidavits submitted to justify the
material previously submitted, AW-78-23 and AW-78-61, are equally applicable
to this material.

Accordingly, withholding the subject information from public disclosure is
requested in accordance with the previously submitted affidavit and appli-
cation for withholding, AW-78-23, dated March 21, 1978, a copy of which is
attached.

Correspondence with respect to this application for withholding or the accom-
panying affidavit should reference AW-8u-58, and should be addressed to the
undersigned.

Very truly yours,

/ ] ‘ ks
é{.}%&@z Lélini’/

bek Robert A. Wiesemann, Manager
Attachment Regulatory & Legislative Affairs

E. C. Shomaker, Esq.
O0fTice of the Executive Legal Director, NRC
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Westinghouse Water Reactor 301 335
Electric Corparation Divisions PHrTsturgn Pemnsyvama 15230
March 21, 1978

AW-78-23

Mr. John F. Stolz, Chief

Light Water Reactors 8ranch No. 1
Divisicn of Project Management
Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Washington, 0.C. 20555

APPLICATION FOR WITHHOLDING PROPRIETARY

INFORMATION FROM PUBLIC DISCLOSURE

SUBJECT: Copies oif Slides Used in Westinghouse Optimized Fuel
Assembly Presentation to NRC on March 21, 1978

REF: Westinghouse Letter No. NS-CE-1729, Eicheldinger to Stolz,
dated March 21, 1978 )

Dear Mr. Stolz:

This application for withholding is submitted by Westinghouse Electric
Corporation (“Westinghcuse") pursuant to the provision of paragrapn
(b)(1) of Section 2.790 of the Commission's reguiations.

The undersigned has revizied :the informaticn sought to be withheld and
is authorized to apply fu. its withholding on benalf of Wastinghouse,

- WRD, notification of whici was sent to the Secretary of the Commission
on April 19, 1976.

The affidavit accompanying this apglication sets forth the basis on
which the information may be withneld from pub’ic disciosure by the
Commission and addresses with specificity the considerations listed
in paragraph (b)(4) of Section 2.790 of the Commission's regulations.

Accordingly, it is respectfully requested that the subject informat.on
which is proprietary to Westinghouse be withheld from public disclosure
in accordance with 10 CFR Section 2.790 of the Commission's regulations.

1
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AW-78-23
Mr. J. F. Stolz -2- March 21, 1978

Correspondence with respect to this application for withholding or the
accompanying affidavit should reference AW-78-2", and should be addressed
to the undersigned.

Very truly yours,

2,80 i sz )

Robert A. Wiesemann, Manager
Licensing Programs

cc: J. A. Cooke, Esg.
Cffice of the Executive Legal Director

/rd

enclosure
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AW-78-23

FIDAVIT

COMMONWEALTH OF PENNSYLVANIA:

COUNTY OF ALLEGHENY:

8.fore me, the undersigned authority, personally appeared
Robert A. Wiesemann, who, -ing by me duly sworn according to law,
deposes and says that he is authorized to execute this Affidavit on
behalf of Westinghouse Electric Corporation ("Westinghouse") and that
the averments of fact set forth in this Affidavit are true and correct
to the best of his knowledge, information, and belief:

rt A. Wiesemann, danager
L!{.ensing Programs

- o

Sworn to and subscribed
before me this_-~ < day
of /}uﬁd 1978.

/&/Z(/// / 7/&{/«&

_ +— - Notary Public

- -
- -

\ W te iy
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(1)

(2)

(3)

(4)

AW-78-23

[ am Manacer, Licensing Programs, in the Pressurized Water Reactor
Systems Division, of Westinghouse Electric Corporation and as such,
I have been specifically delegated the function of reviewing the
proprietary information sought to be withheld fr.m public disclosure
in connection with nuclear power plant licensing or rulemaking
proceedings, and am authorized to apply for its withholding on
behalf of the Westinghouse Water Reactor Divisions.

I am making this affidavit in conformance with the provisions of
10 CFR Section 2.790 of the Commission's regulations and in con-
junction with the Westinghouse applic=tion for withholding
accompanying this Affidavit.

I have personal knowledge of the criteria and procedures utilized
by Westinghouse Nuclear Energy Systems in designating information
as a trade secret, privileged or as coufidential commercial or
financial information.

Pursuant to the provisions of paragraph (b)(4) of Section 2.790
of the Commission's regulations, the following is furnished for
consideration by the Commission in determining whethér the
information sought to be withheld from public di<closure should
be withheld.

(i) The information sought to be withheld from public disclosure
{s owned and has been held in confidence by Westinghouse.

(11) The information is of a type customarily held in confidence
by Westinghouse and not customarily disclosed to the public.
Westinghouse has a rational basis for determining the types
of information customarily held in confidence by it and, in
that connection, utilizes a system to determine when and
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whether to hold certain types of information in confidence.
The application of that system and the substance of that
system constitutes Westinghouse policy and provides the
rational basis required.

Criteria and Standards Utilized

In determining whether information in a document or report is
proprietary, the following criteria and standards are utilized
by Westinghouse. Information is proprietary if any one of the
following are met:

(a) The information reveals the distinguishing aspects of
a process (or component, structure, tool, method, etc.)
where prevention of its use by any of Westinghouse's
competitors without license from Westinghouse constitu®es
a competitive economic advantage over other companies.

(b) It consists of supporting data, including test data,
relative to a process (or component, structure, tc*’
method, etc.), the application cf whick data secures a
competitive economic advantage, e.9., by optimization or
improved marketability.

(¢c) Its use by a competitor would reduce his expenditure of
resources or improve his competitive position in the
design, manufacture, shipment, installation, assurance of
quality, or licensing of a similar product.

(d) It reveals cost or price information, production capacities,

budget levels, or commercial strategies of Westinghouse,
iLs customers or suppliers.
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(1i1)

(iv)

(v)

=

AW-78-23

(e) It reveals aspects of past, present, or future Westing-
house or customer funded development plans and programs
of potential commercial value to Westinghouse.

(f) It contains patentable ideas, for which patent protection
may be desirable.

(g) It is not the property of Westinghouse, but must be
treated as proprietary by Westinghouse according to
agreements with the cwner.

The information is being transmitted to the Commission in
confidence and, under the provisions of 10 CFR Section 2.790,
it is to be received in confidence by the Commission.

The information is not available in public sources to the best
of our knowledge and belief.

The proprietary information sought to be withheld in this
submittal are the copies of slides utilized by Westinghouse in
its presentatior to the NRC at the March 21, 1978 meeting
corcerning the Westinghouse optimized fuel assembly. The
letter and the copies of slides are being submitted in pre-
liminary form to the Commission for review and comment on the
Westinghouse optimized fuel assembly in advance of a formal
submittal for NRC approval.

Public disclosure of this informaticn is likely to cause
substantial harm to the competitive position of Westinghouse
as it would reveal the description of the approved Jesign, the
comparison of the improved design with the standard design,
the nature of the tests conducted, the test conditions, the
test results and the conclusions of the testing program,
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all of which is recognized by the Staff to be of competitive
value and brcause of the large amount of effort and money
expended by Westinghouse over a period of several years in
carrying out this particular development program. Further, it
would enable competitors to use the information for commercial
purposes and also to meet NRC requirements for licensing
documentation, each without purchasing the right from Westing-
house to use the information.

Information regarding its development programs is valuable to
Westingihouse because:

(a)

(b)

(c)

(d)

Information resulting from its gevelopment programs gives
Westinghouse a competitive advantage over its competitors.
It is, therefore, withheld from disclosure to protect the
Westinghouse competitive posit. .

It is information which is marketable in many ways. The
extent to which such information is available to compet-
jtors diminishes the Westinghouse ability to sell products
and servicis involving the use of the 1nfotpation.

Use by our competitor would put Westinghouse at a com-
petitive disadvantage by reducing his expenditure of
resources at our expense.

Each compoient of proprietary information pertinent to a
particular competitive advantage is potentially as
valuable as the total competitive advantage. If com-
petitors acquire components of proprietary information,
any one component may be the key to the entire puzzle,
thereby depriving Westinghouse of a competitive advantage.
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(e) The Westinghouse capacity to invest corporate assets in
research and development depends upon the success in
obtaining and maintaining a competitive advantage.

Being an innovative concept, this information might not be discovered by
the competitors of Westinghouse independently. To duplicate this infor-
mation, competitors would first have to be similarly inspired and would
then have to expend an effort similar to that of Westinghouse to develop
the Jesign.

Furtaer the deponent sayeth not.
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A-1

INTRODUCTION

Currently, two Westinghouse computer codes, namely WECAN and WEGAP,are used for
obtaining the dynamic response solution of the reactor core in pressurized water
reactors. The purpose of this report is to describe the general analytical
features of these computer codes and to present a comparison of the results

as verification of the WEGAP Code.

The WECAN computer program is a Westinghouse general purpose finite element
computer program for various types of structural analyses. The mathematical
formulation, computational procedures, and the verification of various types of
benchmark problems have been extensively discussed in the Westinahouse topical
report (reference 1). The use of WECAN to solve the suggested sample problems
was submitted to USNRC as given in reference 2.

This report is devoted to the discussion of the NRC sample problem solution using
the WEGAP computer program. The WEGAP program is a special computer code for
obtaining core dynam‘c responses.

A specific Westinghouse computer code for core dynamic response analysis-WEGAP

The WEGAP computer program 1s a specialized finite element computer

program designed to solve the dynamic responses of the reactor core in pressurized
water reactors. The program treats the interactions between the fuel assemblies as
applied psuedo forces in order to eliminate the traditional apprvach of reformulating
the structural stiffness matrix at each successive time step. An iterative

procedure used to check the convergence of the impact force has been incorporated
into the code to assure that the dynamic response solution is properly derived.

The computer program also utilizes the individual fuel assembly properties throughout
the analysis to reduce the computer core storage requirements.



A-2

These improvements iu the method of solution and computation procedure enable us
to obtain the dynamic response solution for a reactor core subiested to asyrmetric
boundary conditions with very afficient numerical techniques.

The governing differential equations of motion for a reactor core are:

+(‘0C)

L e—
The Newmark-Beta multistep direct integration method as described in Reference 3
is used to obtain the displacement solution at each successive time step. The
required time increment which is one-fourteenth or less of the shortest geriod is
needed to assure solution convergence. Fiqure 1 shows the flow diagram of the
overall procedure for analyzing the postulated SSE or LOCA transients. The flow
diagram of WEGAP program structure is given in Figure 1A.
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Fuel assembly dynamic response for a hypothetical reactor core problam

The dynamic respcnse solutions to these problems were initially requested by the NRC
in order to qualify the nuclear fuel vendors' computer code features as well as

the analytical capability. The dynamic response solutions to the sample problems
using the Westinghouse general purpose finite element, WECAN,were documented in
Reference 2.

The suggested NRC problems are summarized in Table 1. The first problem has a

prescribed initial velocity input sine wave. The second problem has a combination
of three sine waves with zero initial displacement and velocity for both upper and
lower core plates. == motions for the lower core plate indicate a 0.00f sec time

delay in reference to the upper core plate.

The simplified reactor core cross-section is illustrated in Figu:e 1. The core
consists of five (5) assemblies on the longest diameter. The peripheral fuel
assembly to baffle gap and the internal fuel assembly gap are 0.06 in. and 0.03 in.
respectively. The fuel assembly mechanical properties such as a description of the
fuel assembly lateral stiffness, mass distribution, material property and dynamic
characteristics are given in Figure 3. The fuel assembly spacer grid mechanical

properties are presented in Figure 4.

Assumptions_and Analytical Modeling

The following assumptions were employed in the processes of obtaining the dynamic
response solutions of the postulated core analyses.

% The non-linear fuel assembly stiffn:ss characteristics as illustrated in
Figure 3 were not incorporated into the fuel assembly model (Figure 5).

G-5
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-
3. The lumped mass-spring system was used to simuiste the fuel assembly dynamic

characteristics.

Based on these assumptions, the simplified fuel assembly model as shown in

Figure 5 was constructed using the discrete mass distribution, the first five

fundamental resonant frequencies together with their mode shapes, and the
orthogonality relationship amory normalized mode shapes. This simplified
fue! assembly finite element model preserves essentially all the fuel

+(a,c
—

-

assembly important dynamic characteristics. The listing of the finite element

mode! corresponding to the damping assumption (A) is given in Table 2. It
should be n:ted that the discrete mass point corresponds to the first nodal
point of the defined spring-damper element.

The bilinear elastic-plastic spacer grid models are also given in Table 2.

The reactor core mode! was represerced by five (5) fuel assemblies as
schematically shown in Figure 2. The summary of the core cross-section
model,and the designation of fuel assembly and spacer grid models are

given in Table 3. The baffle motions at each individual grid elevation
were linearly interpolated as the input for the core model between the upoer

core plate and lower core plate.

An analytical evaluation of the core model given in Table 3 was performed using
the forcing function desigrated as case 2 in Table 1. The results of the grid
maximum force and time of mid-grid impact are summarized in Tables 4 thrcugh 6.
Table 4 presents the qrid maximum impact force for each grid elevation for case
2A. The maximum response results correspond to a 0.5 sec. forcing function
input. Both WEGAP and WECAN results were tabulated for the purpose of comparison.
The transient responses obtained from the WEGAP core model compare extremely well

G-6



A-5

with that from WECAN. The difference in peak grid force is well within 1%. The
slight increase in impact force is attributed to the assumed grid weight of about
2 1bs.

The WEGAP results corresponding to the fuel assembly damping assumptions (A
and B) are summarized in Table 5. The maximum impact force for each grid was
screened from one second real time dynamic response results. The consideration
of low damping coefficients at higher modes will slightly alter the dyna=ic
response results.

However, the peak grid force does not show much difference for this particular
example. The plots of the upper and lower core plate motions for Case 2A are
shown as the dott2d and solid lines respectively in Figure 6.

The dynamic response results of some selected fuel assembly positions - such as
the fuel assembly relative displacements, total displacement, grid impact forces
and fuel assembly support reaction forces are schematically shown in Figures 7
through 13. '

A second analysis was performed using the forcing function designated as Case 2B
25 given in Table 1. This case was run to illustrate the non-linear feature of
the WEGAP Code. The input upper and lower core plate motions are plotted as

the dotted and solid curves respectively in Figure 14. The various dynamic
response results are given in Figures 15 through 18. The maximum grid response
results are summarized in Table 6. The grid impact force exceeding 2500 1b.
would indicate that the bti-linear elastic feature of the grid model was utilized.

CONCLUSIONS

As a result of this comparison study, the following conclusions were noted:

€ The transient responses (grid impact forces, relative deflection, and support
reaction force distribution) obtained from WEGAP core model compare extremely
well with that from WECAN. The differcnces in tne peak responses are well within
1%.
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The numerical techniques used in the WEGAP Code requires mass values at
all nodal point locations. Consequently, some small differences in
impact force prr.i :tions between the WECAN and WEGAP Codes are inherent
due to the me eling differences. However, for severe dynamic transients,
the analyt’.al responses predicted by the two codes become insignificant.

REFERENCES

"Benchmark Problem Solutions Employed for Verification of the WECAN
Computer Program", WCAP 8929, Westinghouse, 1977.

Letter, T.M. Anderson to Or. 0.F. Ross, Jr., dated May 1, 1978 (NS-TMA-1772).

ASME Boiler and Pressure Vessel Code, Section III Division 1, Appendix N,
Winter 1978 Addenda.
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Forcing FuncTion

xl(l b=05sm 18,81

X(b)= XJO)

X,(5)=A .0 sn 20,0t +05 s 100,00
- 0,1296 sin 40,0 t )

x, ()= 0

X (H)= xu(c‘-Af) at =0,006

(A) A=V2

(B) A=15

iu (0) = 9,425 n/secC

t >0
t<o
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IMPACT PROPERTIES
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TABLE 2 FUEL ASSEMBLY MODEL
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TABLE 5

WEGAP GRID IMPACT FORCE FOR F.A. DAMPING STUDY - CASE 2A (1 SEC RESPONSE)

e S R S e

Max. Grid Load, Lbs
Time
Poz:ion \ o
Grid #1 Grid #2 Grid #3 Grid #4 Grid #5 Sec.
61 545 569 461 17 0.5755
B-1 (95) (485) (583)* (444) (146) (0.3195)
- 243 381 261 - 0.3200
1-2 (-) (206) (385) (222) (<) (0.3200)
- 82 174 103 . 0.3210
2-3 (-) (72) (179) (83) (-) {0.3210)
- 94 172 143 - 0.4260
3-4 (-) (98) (167) (120) (-) (0.4260)
- 218 375 356 - 0.4250
4-5 (-) (207) (360) (319) (-) (0.4250)
- 449 582* 576 69 0.4233
5-8 (-) (386) (560) (525) (93) (0.4230)

F/A Damping: [

Value in Parenthesis:

* Maxiumum Grid Force

22% damping (st

]0

mode) ,~10% High Modes

(a,c)
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WEGAP VERSUS WECAN GRID IMPACT FORCE - CASE 28 0.5 SEC RESPONSE

TABLE 6

Max. Grid Lcad, Lbs. Time
v (6rid #3)
Position Sec
Grid #5 Grid #4 Grid #3 Grid #2 Grid £ "
2044 2405 1921 2722 2170 0.1433
B-1 (2020) (2417) (1922) (2n2) (2290) (0.1435)
1315 1693 1402 2163 1561 0.1433
1-2 (950) (1720) (1399) (2150) (1550) (0.1435)
751 1188 926 1499 1024 0.1433
2-3 (778) (1215) (922) (1484) (1022) (0.1110)
1033 1713 1475 1728 1022 0.1090
3-4 (1030) (1703) (1467) (1720) (1446) (0.1090)
1682 2493 2100 2320 1587 0.1070
4-5 (1680) (2481) (2084) (2316) (1586) (0.1075)
2414 3171+ 2847 2813 2362 0.1053
5-8 (2407) (3167) (2845) (2803) (2407) (0.1050)




Postulated Event

;

Excitation Provided to
RPV Model

'

RPV Transient Response

l

Core Plate/Support Plate
and Baffle Transients

'

g:?:.::?.:‘o' WEGAP Analysis for
Core Response

Assembly

Core Gnid Impact Loads & Fuel
Assembly Dynamic Response

'

Evaluation of Core Structural
Integrity

Figure 1 Overall Analysis Process
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FIGURE 1A WEGAP FLOW DIAGRAM
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stinghouse Electric Corporation Power Systems FWR Sysrems Oivison

Box 355
Pitrshurgn Pemnsyivania 15230

March 30, 1979
NS-TMA-2057

Mr. John F. Stolz, Chief

Light Water Reactors Branch No. 1
Division of Project Management
Office of Nuclear Reactor Regulation
U. S. Nuclear Regulatory Commission
Washingtin, D.C. 20555

Dear Mr. Stolz:

Subject: Verification Testing and Ana.yses - 17 x 17 Optimized Fuel
Assembly

WCAP-3401 (P)

Enciosed are forty (40) copies of a report "Verification Testing and Analyses -
17 x 17 Optimized Fuel Assembly" (WCAP-9401 Proprietary).

To be p.uvided later are twenty (20) copies of a report "Verifi-ation Testing
and Ana'y3z- - 17 x 17 Optimized Fuel Assemhly" (WCAP-3402 Non-Proprietary).

The attached submittal is the partial result ot .ie extensive testinc and
development program which has been conductad during the development of the
improved fuel assembly design known as the Westinghouse Optimized Fu?l
Assemoly.

The testing and development program was discussed with you and other members
of DPM, DSS and DOR at a meeting held in Bethesda on March 21, 1978. The
presentation given at that meeting by Westinghouse representatives was
summarized by letter NS-CE-1729, C. Eicheldinger to yourself.

The status of the testing and development program and the licensing program
were summarized recciitly in letter NS-TMA-2022, T. M. Anderson to vourself.

The attached report is submitted to document the testing program and results
* . the improved design. This report contains three sections. Section 1
contains information concerning the hydraulic flow tests and results of

fuel rod wear measurements. Section 2 summarizes the c.itical heat flux
testing and results. Section 3 contains the Safety Analyses of the optimized
fuel assembly for seismic and loss of coolant accidents.

H=1



. NS-TMA-2057
March 28, 1979
Page 2

Please note that Section 3 does not contain results of the vertical blowdown
analysis. This analysis is presently in progress and the results will be
submitted as an Addendum to this submittal by June, 1979. For this particular
transient the 17 x 17 optim 2od fuel assembly is expected to respond in a
manner similar to the stancdard 17 x 17 fuel assembly, and the result. are
expected to give similarl' acceptable results.

This submittal is pacrqround technical informatior, for a fiture submittal,
WCAP-3500 "Reference Core Report - 17 x 17 Optimi :2d Fuel Assembly", to be
submitted to you in June, 1979. Review and apprcval of both topical reports
is needed no later than the third quarter of 198 so as to minimize impact
on individual plant dockets.

This submittal is forwarded in advance of WCAP-3500 in order for yocu to commence
your review of the ‘mproved fiel ascembly design in a timely manner.

We are asailable Lo inswer any questions or concerns you may have on this
subject.

Alsa enclosed are:

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

This submittal contains proprietary information of Westinghouse Electric
Cow~oration. In conformance with th. reyuirements of 10CFR2.790, as amended,
of the Commission's regulations, we are enclosing with this submittal, an
application for withholding from put1iz disclosure and an affidavit. The
affidavit sets forth the basis on which the information may be withheld from
public disclosure by the Commission.

Correspondence with respect to the affidavit or application for withholding
should reference AW-79-13 and shoulc be addressed to R. A. Wiesemann, Manager
of Regulatory and Legislative Affairs, Westinghouse Electric Corporation,

P. 0. Box 355, Pittsburgh, PA 15230.

Very truly yours,

&

T. M. Anderson, Manager
Nuclear Safety Department
WRT:pJ
Enclosure

H-2



N
Westinghouse WNater Reactor Nuciear Tschnoiogy Oivision
Electric Corporation Divisions Sox 285

Mr.

Sirrspurgn Pennsylvama 15230

August 22, 1980
NS-TMA-2293

James R. Miller, Chief

Special Projects Branch
Division cf Project Management

U. S.

Nuclear Reguliatory Commission

Phillips Building
7920 Norfolk Avenue
Sethesda, Maryland 20014

SUBJECT: "Verification Testing and Analyses of the Westinghouse 17x17

Optimized Fuel Assembly" - WCAP-94Q1 (Proprietary) and WCAP-3402
(Non-Proprietary)

Dear Mr., Miller:

Enclosed are:

|

Also
L
2.

Forty (40) copies of responses to NRC Partial Question Set 1 on WCAP-
2401, "Verification Testing and Analyses of *he Westinghouse 17x17
Optimized Fue! “ssembly" - WCAP-3401 (Proprietary)

Thirty-five (25) copies of responses to NRC Partial Question Set 1 on
WCAP-9402, "Verification Testing and Analyses of the Westinghouse
17x17 Optimized ruel Assembly" - WCAP-3402 (Non-Proprietary?

enclosed are:

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

One (1) copy of original Arfidavit (Non-Proprietary)

The attached is in response to a set of questions on the subject topical
report sent to Westinghouse by the NRC via letter dated August 2, 1980 from
J. % Miller (NRC) to T. M. Anderson (Westinghouse).

This

submittal contains proprietary information of Westinghouse Electric Cor-

poration. In conformance with the requirements of 10CFR2.790, as amended,
of the Commission's regulations, we are enclosing with this submittal an
application for withholding from public disclosure and an affidavit. The
affidavit sets forth the basis on which the information may be withheld
from public disclosure by the Commission.

I-1



Mr. James R. Miller -2- August 22, 1980
NS-TMA-2293

Correspondence with respect to the af{idavit or application for withhoid=
ing should reference AK-80-49 and shquld be addressed to R. A. Wiesemann,
Manager of Regulatory and Legislative Affairs, Westinghouse Electric
Corporation, P. 0. Box 355, Pittsburgh, Pennsylvania 15230.

Very fruly yours,

v

T. M. Anderson, Manager
Nuclear Safety Oepartment

/bek
Enclosures
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MIMCRANDUM FOR:

FROM:

Report Title:

Report Number:
Report Date:

UNITED STATLS
“JUCLEAR RECULATORY CONMAISSION
WASHINGTON, D, C. 2055%

JUN 23 1330

R. L. Tedesco, Assistant Director
for Licensing
Division of Licensing

L. S. Rubenstein, Assistant Director
for Core and Containment Systems
Division of Sysiems Integration

PARTIAL FIRST ROUND QUESTIONS ON WCAP-9401

Verification Testing and Analyses of the
17x17 Optimized Fuel Assembly

HWCAP-8401

March 1979

Respensikle Sranch: Standardization and Special Prejecte Branch
and Project Manager: J. S, Berggren

Description of Review: Partial First Round Questions

Fequested Completion Date: None

Review Status: Incomplete

We have reviewed 3 portion of the report described above and request that

vou forwa:d the af tached questions to Westinghouse so that this portion of
the vzvies nay be completed. Thesa questions cover the fuel assembly seismic
and LOCA analysis in revized chapter 3; the Mechanical Engineering Branch is
reviewing the parts of chapter 3 dealing with the reactor internals model.
Chapters 1 and 2 are being reviewad by the Core Performance Branch Fuels
Section and Thermal Hydraulics Section, respectively, and Qi's will be forth-
coming as manpower permits.

Attachment:
Questions

cc ./attachiment:
D. Eisenhut

D. Poss

J. k. Miller

oo gy oY L AN
da S- /:;L‘- hiwd t Ming 3

L. S. Rubenstein, Assiztant Director
for Core and Containment Systems
Division of Systems Integraticn

W. Johnsicn
J. Berggren
R. 0. Meyer
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Response to
PARTTAL QUESTION SET 1
WCAP-3401 "Verification Testing and Analyses
of the 17x17 Optimized Fuel Assembly”

1. Lateral and vertical LOCA analyses are performed as well as a lateral seismic
analysis. Please evaluate iand discuss vertical seismic loads on the Qptimized

Fuel Assembly.

Res ponse

The vertical seismic analysis was not included in the topical report because
the vertical seismic responses are small compared to that from the vertical
LOCA event and insignificant compared to the allowable. However, it was
analyzed and the maximum dynamic forces at the top nozzle holddown spring
and bottom nozzle are approximately [ J* and [ ] of that of a vertical
LOCA, respectively; or 21 % and 9 % of the ailowable respectively.

2. Please include a fatigue assessment, or reference documents which assess
the 17x17 OFA fatigue predictions.

Response

The fatigue assessment on fuel components is not required for condition IV
events. The faulted condition events are not expected to occur during the
1ife of a fuel assembly, but are postulated to assure design conservatism.
The plant would not be expected to returmn to normal operation, following a
faulted condition event.

3. Combined motions in the horizontal and vertical directions may influence
predictions based on independent analyses. Please evaluate and discuss
beam-column coupling effects.

Response

The beam-column coupling effect in modeling is generally used for large
deflection or deformation analysis. For the present type of structural
analysis large ceflections do not occur. The directions may be ceccupied
and linearly superimposed for the dynamic solution of a fuel assembly in

a closely packed core due to the small and restrained lateral motion of

the upper core plate. Therefore, the linear combination of decoupled motions
of two perpendicuiar directions is justified.

4, Table 3-8 indicates different behavior in the vertical direction for
reactors with stiff and soft vessel supports. What differences are
expected in the lateral results for the stiff and soft Reactor Pressure
Vessel supports?

J-2
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Response

The effact of lateral stiffness variations was considered in the evaluations
by parametric variations on lateral stiffness. Only the worst case response
was presented in the topical report. The RPY support stiffiesses would in-
fluence the dynamic response of the core plate motions. As a result, the
maximum grid load is also affected by the support stiffness variation. There
1s no direct relationship between the grid load and support stiffness due

to the geometrical non-linearity in the c~~e model and frequency contents in
the transient forcing function.

The QOFA core responses indicated that the rertical support stiffness [ (a,c)
] to the maximum grid load. However, the soft

lateral support stiffness tends to reduce the maximum grid load. The maximum

grid load corresponding t. a soft support stiffness for a RPV model is

approximately [ ) 4 (a,c)

5. On page 3-26 it is stated that the spring stiffnesses were adjusted to
incluce water mass. It is not clear wnat amount of adjustment was made
or how this will affect the results. Provide a discussion of how the
adjustment was mace and include references. Include applicable experi-
mental data (if taken) to support the adjustment of spring stiffness.

Re<sense

The adjustment for the fuel assembly submerged in water and at reactor operating
conditicns was accomplished in the detailed fuel assembly finite element model

(FEM). The material propertias and the connective mass correction at cperating
tamperature were introduced in the input of the FEM in order :o have bcoth the
connective mass and temperature effects. The experimental data indicates that

the lowest fuel assembly fundamental frequency in water is zpproximately

[ 1% lower than in air. (b,e

The fuel assembly model for core safety analysis, as indicated in the topical
report, was constructed based on the adjusted fuel assembly frequencies and
tota! fuel assembly mass distribution.

Parametric studies have indicatad *hat the grid impact for.es are relatively
fnsensitive to the fuel assembly frequency changes caused Ly water.

§. Please provide test data to support the values of in-grid stiffness and
damping.

Response

The in-grid stiffness was not used in the core model, thus there was no experi-
menta’ tests performed in this regard. The experimentally obtained thru-grid
stiffaess at operating tamperature is given on page 3-26 of the topical report
The in-grid sti“fness value is determined from analytical correlaticns with
fuel assembly lateral impact tasts.

J-3



7. Even though no permanent ceformation is predicted in this analysis (with
SRSS compination and 1.3 Factor on LOCA), the crushing behavior is of
interest. Please include a picture of a crushed grid and discuss how
the grid can fail in the innermost rows without disturbing the relative
positioning of guide thimbles.

Response

The typical mede of failure for the Westinghouse zircaloy (OFA) grid is a
1+ as seen in Figure 1. The distortion .
s primariiy due to the [ 1*. The
control rod thimble diameter is not deformed. The relative control red
position may be displaced slightly. However, there would be no significant
effect on control rod muvement due to the sifficiently large clearance de-
tween the control red and the guide thimple, and the structural flexibilit
of control rods. Also, the maximum grid loads under S¢E and LOCA transients

always occur [
1+ (a,c)

8. The heat treatment given to fuel components can significantly affect their
1ifetime performance. Please describe the final state of the Zircaioy
grid material including amount of cold work and type of annealing. Other
data desired are the initial spring loads and expected relaxation. Please
diszuss the effect of grid spring relaxation on fuel bundle stiffness
and provide the estimated fuel bundle stiffness at Beginning-of-Life and
End-of-Life.

—~~
s
-

o D
——

Response

The cold finished grid strap material of controlled grain size is punched and

stamped to form the basic unit of the grid cell consisting of dimples and

springs. The final state of the grid strap is subjected to 2 relatively low
temperature annealing process (about ( 1+ for approximately [ I+ hours) (a,e)
to relieve the stresses due to forming.

The initial spring prelcad at the beginning-of-1ife (BOL) hot condition is

about [ ]+ 1bs. The ioss of contact between the grid spring and fuel rod (a,c)

due to spring force relaxation is expected to occur at approximately [ 1+ (a,c)
EFPH. [

- "

1 (a,c)

9. wWhat are the yield strength and ultimate strength that the allowable
stresses a2 based on? What temperature do “nhese values correspond to?

Response

Equations describing the Zircaloy-4 fuel cladding and thimble tubing uniaxial
and biaxial strengths as a function of temperature sop both unirradiatec and
{rradiated material are qiven on pages 2-8 thru 2-10 of WCAP 9179, Pevision I,

"Properties of Fuel and Core Component Materials". The equations given for

J-4



FES Y

4,009 e 5153) dpweuAq J0) apopy dnjey jendA g

L amnbry

-




the yfeld strengths of the thimble tubing are applicable to the Zircaloy
grids. Ultimate tensile strengths are not used in the design of the Zircaloy
components of the fuel assemply.

For the Inconel-718 components cf the fuel assembly (i.e., the top and bottom
grids) the values for the ultimate tensile strength and tensile yield strength
are given on pages 4-6 and 4-7 of WCAP 3179, Rev. 1.

For the 204 type stainless steel components of the fuel assemdly (i.e., the
top and bottom r22zles) the values for the ultimate strength and the yield
strength are given on page 3-4 of WCAP 9179, Rev. 1.

For all components of the OFA, the unirradiated best estimate values at
600°F were used in design. The materfal strengths tend to increase under
{rradiated conditions.

10. Guide tubes are constructed with flow holes and are subject to significant
wear where the control rods are parked. [t appears that the values for
guide tube stresses were based on nominal dimensions 2n4 did not include
the effects of wear or stress concentration around the flow holes.

Please account for these two effects on guide tube stresses.

Response

The thirble areas which exhibit slight wear are not highly stressed by the
LOCA induced loads. Consequently, the thimble wear effects are usually
evaluated for the handling conditicn which is more 1imiting.

The stress concentration effects around the guide tute holes were not <valuated
for the faulted condition which is consistent with ASME stress evaluation
procedures.

11. The axial mocel in Fig. 3-24 does not appear to have gap elements for
fuel assembly 1ift and impact with core plates. Describe how the axial
mode] predicts impacts.

Response
Although the gapped elements are not shown in the axial fuel assembly model,
there are [ ]+ gap elements for each group of fuel assemdbiies in the re-

actor vessel model to simulate the possible fuel assembly 1iftoff and impact
with the core plates. [

(a,c)

(a,c)



12. Comparisons between analytical models ana experimental resuylts are im=
portant. Although the mocels for conversion of strain and stress have
not changed, the experimental fit of the model has. Please discuss
the conversions of stress and strain, and compare experimental and
predicted stresses for both the lateral and vertical models.

Response

The comparisons between analytical models and experimental results, in general,
show excnllent agreement with respect to the structural behavior under the
applied locad or aceflection. Generally, the conversion of strain to stress

uses the direct relationship of linear elastic analyses. The predicted
stresses in various fuel assembly structural components are always based an

the conservative values.

13. For comparison with the NRC audit code, please provide:
Clear full-page Plot of

a) the time history of loads on the limiting grid
b) the time history of vertical motions.

Masses

a) Fuel rod

b) Spacer grid

¢) End nozzles

d) Guide and instrument tubes

e) Total fuel assembly and center of gravity

Other measured quantities

a) Axial gap between fuel nozzles and upper core plate
b) Mode shapes (digital)

¢) Friction coefficients

d) Axial holddewn sp-ing stiffness and preload
e) Axial impact damping factor

Plots with experimental data

a) Lateral force vs. deflection

b) Vertical impact force vs. time

¢) Grid crush load (force) vs. velocity
rorcing Functions

a; Core plate motions for SSE (digital)
b) Core plate motions for LOCA (digital)

J=7



Response

Westinghouse has committed, via telephone conversation on Apri
] -~

with the Staff's Mr. G. Alberthal and their consultant Mr. R.
¢3 supply the necessary documentation to verify the general
computer code WEGAP which was used in the supporting analysis to
Section 3.0 to calculate the dynamic structural response of the r
Included in this documentation will be the results of the NRC's h)
fuel assemly problem analyzed with WEGAP. This submi ttal,
August 1980, will satisfy the NRC's need to evaluate the adequac)
as a design code.
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In addition, Wes%inghouse has performed an internal incependent design eri-
fication of the WEGA

Appendix 3.
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JNITED STATES
NMUCLEAR REGULATORY COMAMISSION

LASMINGTON, D © 29030

JAN 22 183!

Westinghouse Electric Corporation

ATTN: Mr. T. M. Anderson, Manager
Nuclear Safety Department

P. 0. 3ox 355

°it+sburgn, Pennsylvania 15230

Cear Mr. Anderson:

SUBJECT: REQUEST NUMBER 3 FOR ADDITIONAL INFORMATION ON WCAP-3401

W2 are currently reviewing Westinghouse Electric Coracration report
LCAP-240) entitled "Verification Testing and Analysac o€ the 17 x 17
Jptimized Fuel Assembly”.

The continuing reviews of the fuel assembly seismic and LOCA anal.ciz
of Section 3 of WCAP-2401 reveal the need for the adgitional inform-
ation indicated in the enclosure.

This information is necessary to complete the review - its expeditious
submittal will therefore be to the Westinghouse advantage. Please
advise us as soon as possible of your planned submittal date to permit
us, in turn, to develop a review schedule.

Sincerely,

~Q~'j‘?<( (RN

Robert L. Tedesco, Assistant Director
for Licensing
Division of Licensing

Enclosures:
As stated

cc: Mr. Alex Ball
Westinaghouse Electrical Corp.
Nuclear Safety Department
P. 0. Box 355
Pittsburgh, Pennsylvania 15230

K-1



Water Reactor

- ) N !
ric Larpararion givisions

February 13,
NS-TMA-2384

James R. Miller, Chief Ref: NS-TMA-
| Projects 8ranch August
vision of Prer“2ct Management
Nuclear Regulatory Commission
lips Building
Norfolk Avenue
SBethesda, Maryland 20014

SUBJECT: Responses to "Request Number 3 for Additional Infermation on
WCAP-9401," NRC Letter from R. L. Tedesco to T. M. Anderson,
January 22, 1981

Dear Mr. Miller:

Enclosed are:

Twenty-five (25) copies of the proprietary responses to the NRC Reguest
Numper 3 for additional information on WCAP-3401 (Proprietary).

Twenty (20) copies of the non-proprietary responses to the NRC Request

Number 3 for additional information an WCAP-3401 (Non-Proprietary).

enclosed are:

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

79\

One (1) copy of original Affidavit (Non-Proprietary).
This submittal contains proprietary information of Westinghouse Electric
corporation. In conformance with the requirements of 10CFR2.790, as amended,
of the Commission's regulations, we are enclosing with this submittal an
application for withholding from public disclosure and an affidavit. The
affidavit sets forth the basis on which the information may be withheld from
public disclosure by the Commission.




Mr. James R. Miller -2- February 13, 1981
NS-TMA-2384

Correspondence with respect to the affidavit or application for withhold-
ing should reference AW-81-17 and should be addressed to R. A. Wiesemann,
Manager of Regulatory and Legislative Affairs, Westinghouse Electric
Corporation, P. 0. Box 355, Pittsburgh, Pennsylvania 15230.

Very truly yours,

o oo

T. M. Anderson, Manager
Nuclear Safety Department

/bek

Enclosures



QUESTION 1 Page 3-1;

What correlation exist between the spectra in Figure 3-1 and Figure 3-2:

RESPONSE

The design response spectra given in Figure 3-1 and Figure 3-2 were
identical, but they were plotted on log-log and linear-linear scales,

respectively. The response spectrum curve of the synthesized earthquake
time history was also given in Figure 3-2 to show the conservative

enveloping of the design response spectrum.

0222F



QUESTION 2 Page 3-6 and; Q1 question 12

Comparisons between analytical mode and experimental results are

important. Although the mode! has not changed, the experimental fit of
the model has. Supply quantitative comparable experimental and analyti-

cal stress-strain results and a s~z “or comparison of these results.

RESPONSE

The strain data was obtained at selected thimble locations during the

optimized fuel assembly lateral loading test. The test set-up as well
as the gage locations is schematically shown in Fig.Q2.1. The thimble
stresses derived from the strain reading are shown in Figure Q2.2.

Q222F
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+,c.

Bending Stress (psi)

Direct Stress (psi)

Deflection (in)

FIGURE Q 2.2 17x17 OPTIMIZED FUEL ASSEMBLY THIMBLE STRESS VERSUS LATERAL DEFLECTION
EAL COLD



QUESTION 3 Page 3-6;

The discussion concerning the model snown in Figure 3-4 is confusing.
Please clarify.

RE SPONSE

The lateral fuel assembly finite element model has been experimentally
verified for the Westingnouse type fuel design. The discussion of the
FEM is documented in WCAP-8236. A brief discussion of the lateral fuel
assembly model is presented.

The fuel assembly model consists of the following structural modeling:

1) The fuel assembly skeleton structure which contains an array of
twenty-four thimble tubes plus cne instrumentation thimble, is rep-
resented by a pair of 2D-beam columns. The structural rigidity was
established by properly spacing the vertical beams through the use
of parallel theorem for calculating the equivalent moment of inertia.
The beam elements were used to simulate fuel nozzles and grid
stiffnesses.

2) The fuel rods were modeled by two vertical beams. Since the fuel
rog lateral ceflections are independent of positions within the
array, the summation of the individual fuel rod properties was used
to simulate all of the rods.

3) The grid dimples and springs were modeled using friction elements,
which are preloaded linear springs with out of plane friction to
simulate the fuel rod 1ift-off within a grid. The functional ele-
ments were also used to model the axial fuei rod drag force in the
grig cell,

L-6
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The sige aimplies were represented by a slider type element to simu-
late the frictional effects caused by fuel rods sliding on the side
dimple. The slider element is basically a simplified one
dimensional frictional eiement.

The legena for Fig 3-4 is

0-1_. slider
¢}~ frictional element

e beam

The element 5-11 in the text should be correctly read as 5-7.

4) A schematic representation of a portion of the fuel rod and the grid
restraints is shown in Figure Q3.1.

L-7
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QUESTION 4 Page 3-8;

Provide analytical-experimental correlations for the fuel assembly
lateral force-deflection response.

RESPONSE

The experimental-analytical correlations for the Westinghouse type fuel
assembly design were documented in WCAP-8236. The fuel assembly lateral
load versus deflection responses for the 17x1/ OFA is shown in Fig Q4.1.

L-9
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Applied Load (1bs)

Deflection (in)

FIGURE Q4.1 17x17 OPTIMIZED FUEL ASSEMBLY LOAD VERSUS DEFLECTION -
LOAD APPLIED AT GRID NO. § - EOL COLD




QUESTION S

[ ]’1: important in predicting core plate motion. Pro- (a.2)
vide additional detail showing how this effect was implemented and what amalytical-
experimental justification exists for its use. Supply this information for both

the lateral and vertical implementation.

RESPONS

[ 1" 1s included for LOCA evaluation in the MULTIFLEX (%
thermal hydraulic computer code. MULTIFLEX documentation is provided by _

Reference 5 of WCAP-9401.

For seismic evaluation, [ ]* representation was included (%)
in the reactor vessel structural model to more accurately represent the reactor
vessel structural dynamics ima [ ]'.' The outputs of the seismic (9
analysis of the reactor vessel model are lateral core plate motions and fuel

assembly vertical nozzle loads.

—r (Q,C)

E L-11 -
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TABLE A
COMPARISGN OF VERITICAL MODEL RESULTS WITH EXPERIMENTAL DATA

*(a.b.c)

Bl




Figure 3-7(b)

.+ (a,c)

Reactor Core Barrel Model

L-18



Figure 3-7(d) Vertical Hydrodynamics Model




QUESTION 5 Page 3-19;

Only one spectra is shown in Figure 3-1. Refer to guesti'n 1.

RESPONSE

The response spectrum curve giver in Fig. 3-1 was developed by envelop-
ing the response spectra for a number cf typical Westinghouse four loop
neutron panel plants. Since the spectrum presented in Fig. 3-1 is rela-
tively severe, it is judged to be conservative in establishing the fuel

capability. For plant designs which could exceed the given spectrum,
specific analysis using the plant spectrum may be reqguired.




QUESTION 7  Page 3-20 and; Q1 question 5

The response to Question Set 1 question 5 and the comment presented on

page 3-20 concerning the importance of the fuel assembly fundamental
mode of vibration to core region response appear to suggest different
points of view. Explain.

RESPONSE

The peak grid impact response is, in general, dependent on the funda-
mentai fuel assembly vibrational frequercy. The answer to Question 5 of
Q1 suogested that the added water mass tends to iower the fuel assembly
fundamental frequency slightly.

L-21
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QUESTION 8 Page 3-20;

Justify that [ }’ is a reasonable way to judge the
worst case fuel system loading considering the fuel system response is
nonlinear. Which | ]’ cases produced the largest
impact forces and peak fuel assembly displacements in the system model?
Do these cases correspond to the [ ]’ case chosen?

RESPONSE

Seismic analyses using a number of different seismic waves have indi-
cated that the'

]. The selected worst case wave corresponded to the [

]{ystem. The fuel assembly grid maximum impact
forces obtained from the Reactor Internals models generally occurred for
the same input waves selected using the response spectra method.

The time history designated as case 2 was used to assess the Optimized
Fuel Assembly seismic response. As shown in Figure Q8.1, the accelera-
tion response spectrum obtained from the case 2 seismic time history
envelopes the response spectra jenerated for the remaining six seismic
waves in the [ !

]+

L-22
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QUESTION 9  Page 3-21;

Specify the break opening times used in the analyses. Provide
agaitional data to support the break opening times selected.

RESPONSE

Reference 6 of WCAP 3401 specifies the standard break opening times used
in Wwestinghouse LOCA analyses as instantaneous, [ ]’ millisecond.

This break opening time was the analytical basis used in WCAP 9401 which
has been the NRC's accepted anaiytical basis.

a,C

L-24
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QUESTION 10 Page 3-26;

what maximum percent error from the experimental values 1s associated
with each analytical mode shape and analytical frequency?

RE SPONSE

The mode shapes for the fuel assembly detailed model and the lumped
mass-spring models were compared with the experimentally determined
modes and indicated reiatively good agreement. The lumped mass model
used in the reactor core analyses is derived using an analytical proce-
dure[

]f The natural
frequencies for the lumped mass model was based on experimental and
finite element data with some minor adjustments to reflect operating con-
ditions.

0222F L-25




QUESTION N Page 3-26;

Are the analytical predictions presented in Figure 3-12 derived from the
mode! values presented in Table 3-1? If not, discuss the differences.

RESPONSE

Yes.

L-26
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QUESTION 12 Page 3-26 and; Q!, Question 6

The response given to Question Set 1 question 6 is somewhat confusing.
The core region model p-esented in Figure 3-10 shows the definite inclu-
sion of Ks and Cs values. Please supply a short explanation to resolve
this situation,

RESPONSE

The in-grid and through-gria stiffnesses as defined by the NRC are asso-
ciated with the method of arid impact testing. The in-yria dynamic
stiffness is normally determined from tests in which a weighted grid is
given an initial velocity and is impacted against a rigid or qrid
restraint. The through-grid stiffness is usually determined from tests
in which a rigid mass impacts a stationary grid.

As shown in Fig. 3-10 the grid stiffness properties designated as Kg and
Cg were obtained from through-grid impact tests at operating tempera-
ture. The local grid stiffness properties, Ks and Cs which repre-

sent the combined flexibility of the grid springs, dimples, and fuel
rods, were determined from the fuel assembly lateral impact tests rather
than from the in-grid impact tests.

The fuel assemtly lateral impact properties such as impact duration,

impact force, and rebound, together with the fuel assembly finite
element model, were used to obtain Ks and Cs values.

L-27
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QUESTION 13 Page 3-26 and;

The methods used for determining Ks, Cs, Kg, Cg, and the critical load
(Pcrit) have been discussea and information supplied supporting the
values dgerived for the inconel spacer grids. The incorporation of
Zircaloy grids in the fuel assembly design will effect the response of
the fuel system ana certain spacer grid allowable loads. To completely
review this situation, the foliowing information is requested:

a. test data supporting the in-grid stiffness and damging values chosen,

b. test data supporting the through-grid stiffness and damping values
chosen, and

C. test data supporting the value of Pcrit chosen.

when giscussing the above test data, discuss the velocities used in the
impact test relative to those calculated analytically from the core
region response. 0Discuss static and dynamic test values.

RESPONSE a.

The Tocal gria flexibility (or in-gria stiffness damping values) K¢

and Cs are derived from *he fuel assembly lateral impact tests. The

fuel assembly lateral impact test arrangement is shown in Fig. Q13.1.

The impact duration obtained from these tests was approximately

L ]’ sec. A correlation analysis was performed using the lumped b,cC
mass-spring analytical model to verify the model by comparing the grid

impact foices. These results are given in Table Ql3.1.

L-28
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"5LE Q13.1
COMPARISON BETWEEN FEM AND FA LATERAL IMPACT RESULTS
(Total Initial Deflection = [ 1 in.)
FEM Test

Time Duration (sec.)

Rebound (in.)

Max. Impact
Force (1b)

0222F
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RESPONSE b.

The average dynamic through-grid stiffness for the zirc grids tested at

[ ]°Fusing the impact duration method was [ ]’ 1b/in. b,c
This value was determined using energy methods in conjunction with the
experimentally determined average impact duration of [ ]+ sec obtained b,c
from the six test samples.

RESPONSE c.

The grid impact force as a fuq;t.un of impact velocity for the six
Zircaloy grids tested at[ ]°F is shown in Fig. Q13.2. The average b,c
crush strength value is [ ]ﬁbs. with a standard deviation of [ ]ﬁbs. b,c
The lower bound 95 percent confidence 1%..it for the true mean crush

strength using a one-tailed statistical analysis for the six samples is
[ 1Tbs. b,c

The relative fuel assembly veiocity plot for grid 4 of a typical peri-

pheral fuel assembly is given in Figure Q13.3. The relative fuel assem-

bly velocity prior to the maximum impact force response is ipproximately

[ ]ﬁn/sec. which is consistent with the testing impact velocity. b,c

L-31
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when presenting the above test data, discuss the velocities used in the
impact test relative to those calculated analytically from the core

region response. Uiscuss static and dynamic test values.

Supply the value of the friction force per grid which causes fuel rod
slippage. Compare beginning-of-life friction values to end-of-life
values and discuss the effect these values have on the axial dynaiic

response of the fuel acsembly and resulting critical stresses.

RESPONSE

The average drag force required to cause fuel rod sliding at begin-
g 9 g

ning-of-1ife (BOL) measured from the demonstration fuel assemblies was

The grid spring force in the zircaloy grid cell is pro-

ly relaxed at end-of-life (EOL, with the drag force

be fu

il
to be approximately | 1bs.

he fuel assembly axial impact tests simulated the EOL condition and

were performed with the internal grid cells pregapped. The test results

. +
ingicated that the fuel dSSemD]y impact force did not exceed J
.

1bs at a drop height up to | ] inches. The impact force was well
Delow that obtained for a typical BOL fuei assembly, since the sliding
of the fuel rod tends to mitigate the fuel assembly axial impact
forces. Thus the BUL fuel assemoly properties at temperature were
Iricorporated in the reactor internal moael for calculating the axial

impact responses.




QUESTION 15  Page 3-56;

Supply the fuel assembly location where the data in Figure 3-25 was
obtained. How and at what location was the load applied?

RE SPONSE

The curves presented in Figure 3-25 were obtained for an axially applied
load at the top nozzle. The deflection were measured at the same
Tocation and in the same direction as the applied load.

L-35
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QUESTION 16 Page 3-57;

Drop test data is particularly important in developing an u«xial dynamic
impact model. Supply analytical-experimental drop test correlations ana
the experimentally derived constant "D" used to calculate the impact
damping coefficient.

1Wwas incorporated
in the axial fuel assembly model. The finite element model was experi-
mentally verified based on drop impact tests. The analytical-experi-
mental correlations for a typical Westinghouse type fuel assembly is

shown in Fig. Q16.1 and have been verified by a number of designs.




Impact Force (1bs)

FIGURE Q16.1

Drop Height (in)

17x17 OPTIMIZED FUEL ASSEMBLY AXIAL IMPACT FORCE VERSUS
ROD HEIGHT
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Question 17:

Response:

Safe-Shutduwn Earthquake (SSE) lateral core plate motions
are presented in Figure 3-8, followed by lateral LOCA core
plate motions in Figure 3-19. Supply similar informatio~
for the vertical applied loads (preferably in the form of

pressure time histories at the core inlet and core outlet).

Figures 17-1 through 17-5 represent the vertical forces
which were applied to the RPV structural model at the
core plates and fuel assemblies. These forces ~orrespond

to tho[ °

] (a,c)

L-38
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Figqure 17-1. Total Vertical Force on !Ipper Core Plate
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Figure 17-2.

'

Total Vertical Force on Top Fuel Mozzle
L-40

b,C




Figure 17-3. Tetal Vertical Force on Fuel Assembly C.G.
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Figure 17-4,

Bl

Total Vertical Force on Bottom Fuel Mozzle
L-42
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Figure 17-5. Total Vertical Force on Lower Core Plate
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QUESTION 18 Table 3-7;

The maximum direct stress intens ty iar the guide thimble does not agree
with the value presented in Tah’ 3-6. Explain.

RESPONSE

The maximum direct stress value in Table 3-6 for guided thimble tube

should read [ 1* iastead of [ 1* which was a typographical
error.




QUESTION 19 Q1 question 3;

Combined motions in the horizontal and vertical direction were con-
sidered for beam-column effects in Reference 1. Has this type of
assessment been performed for the optimized fuel assembly? If so,
enclose the results. [f not, w«ny not? Explain.

RESPONSE

The beam-column effects were originally investigated in Ref. 1. The
results of this study indicated that the higher order effects caused Dy
the combination of axial and lateral deflections did not significantly
alter the stress distribution. The test results as reported in Ret. |
for an initially bowed assembly that was dropped from various heights
indicated that the thimble stresses in the bowed assembly were slightly
higher than those obtained for an initially straight assembly. Based on
the fuel assembly axial impact tests as reported in Ref. 1, the effect
of the fuel assembly bow resulted in an increase of approximately [ ]’% a,c
in the maximum thimble stress. In view of the relatively large stress
safety margin for the OFA design, the experimental and/or analytical
investigations were not warranted.

*Ref. 1. WCAP-8236.
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QUESTION 20 General;

Review of the fuel assembly models requires the following adaitional
information:

a. Masses

Fuel rod

Spacer ¢rid

End nozzles

Guide and insirument tubes

Fuel column

Total fuel assembly and center of gravity

o ¥ L R P o
.

b. Other measured guantities

1. Axial gap between fuel nozzles and upper core plate
2. Axial hold down spring stiffness and preload.

RESPONSE a.

The ary weight distribution for the Optimized Fuel Assembly components
are tabulatea below:

a,b,c
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The center of gra f the 2 mbly 1S approximately

the geometrica

The axial gap between ) fuel nozzle and upper core plate =

Axial holddown spring

Axial holddown spring




QUESTION 21 General;

An assessment of the combined SSE-LOCA transient event (including steady state
conditions) is required. Provide component evaluations for this condition.
Guidelines outlining acceptable response combination procedures are presented
in References 2 and 3.

RESPONSE

The SSE and LOCA analyses presented in the topical report were treated indepen-
dently and the  ~ - were/not combined. The fuel assembly component stresses
were obtained from ..e maximum fuel assembly relative deflection. Since the
fuel assembly is displacement Timited by the maximum accumulated gap clearances
plus the grid deformations, the fuel assembly stresses presented in the report
are basically a limit case. g

Wwestinghouse has demonstrated that a simultaneous SSE and LOCA event is highly
unlikely. The fatigue cycles, crack initiation and crack growth due to

normal operating and seismic events will not realistically Tead to a pipe
rupture('). The factor applied to the LOCA grid impact Toad due to flashing

is considered unrealistic since the thermal/hydraulic conditions for flashing

are not present at the time of peak grid impact load. Nevertheless, the combined
LOCA and SSE loads are supplied and the combined values are below the established

limits, as summarized below.

The fuel assembly component stresses under the combined SSE/LOCA transients
and the steady state operating loads (axial holddown spring preload and
differential pressure loading) are summarized in Table Q21.1.

The combined maximum grid load responses based on the square-root-of-sum-of-
squares is [ 1* 1bs; and with the 1.3 factor on LOCA-load, the max imum (&,
combined grid lsad is [ 1* 1bs. ¢a, )

* WCAP-9283




Table Q21.1

FUEL ASSEMBLY COMPONENT STRESSES AND LIMITS
(ksi)




e e N R i

QUESTION 22 General;

Discuss control rod insertability for both the SSE and the SSE-LOCA
transients.

RESPONSE

Under the SSE and SSE-LOCA transients, there will be no grid distortion
or thimble buckling as a result of maximum grid impact and fuel assembly
deflection responses. Thus the insertion of the flexible control rod
will not be hindered. It should also be noted that the maximum grid
impact resf.nse, in general, occurred at the peripheral fuel assemblies
which d» ‘.0t contain contrel rod assemblies.

L-50
0222F



Question 23:

Response:

Define the cavity pressure load cases considerei, Include break
locations, areas and opening times considerea.

Prior to performing the analyses presented in WCAP 94N1, a series of
LOCA analyses were performed to select a representative cavity pressure
Toad case. The plants of concern were reviewed and available cavity
loads collected to determine variations in the magnitude and transient
nature of the cavity Toads. In add'tien, cavity load cases from other
Westinghouse plants not covered by WCAP 9401 which demonstrated unique
transient characteristics were considered. The plants for which these
cavity pressure loads apply have undergone US NRC Ticensing review.

Na open items exist for the methods used in the calculation of the
cavity pressure Toads. The effect of variatiom in cavity design,
plant operating conditions and the distribution of appTied cavity
Toads on the reactor vessel are reflected in the transient variation
of the ~avity Toads considéred.

Three cases were selected with distinctly different transient variation
(Figures 23-T through 23-3). These cases were all based on a 144
square inch reactor vessel inlet nozzie break with a break opening

time of T millisecond. All three cases were ratioed so that the peak
horizontal load was [ ]* This value is representative of (2)
the peak horizontal cavity load applicable to any of the plants covered
by WCAP 9401. Reactor vessel LOCA analyses were performed and fuel
assembly impact loads were calculated for each of the three cases.

The peak ¢.1d impact loads were [ (a,%)
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Figure 23-2.

Cavity Load Case 1 Vertical Force
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Figure 23-3. Cavity Load Case 1 Moment
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Figure 23-4,

Cavity Load Case 2 Horizontal Force
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Figure 23-5. Cavity Load Case 2 Vertical Force
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Figure 23-6.

Cavity Load Case Z Moment
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b,c

Figure 23-7 Cavity Load Case 3 Horizontal Force
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Figure 23-8.

Cavity Load Case 3 Vertical Force
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Figure 23-9.

Cavity Load Case 3 Moment
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Westinghouse Electric Corporation

ATTN: Mr, T. M. Anderson, Manager
Nuclear Safety Department

P. 0. Rox 355

Pittsburgh, Pennsylvania 15230

Dear Mr. Anderson:

SUBJECT: REQUEST NUMBER 4 FOR ADDITIONAL INFORMATION ON WCAP-3401

We are currently reviewing Westinghouse Electric Corporation reoort
WCAP-9401 entitled "Verification Testing and Analyses of the 17 x 17
Optimized Fuel Assembly”.

The continuing reviews of Sections | and 2 of WCAP-9401 reveal the need
for the additional information indicated in the enclosure.

This information is necessary it the earliest possible date to complete
the review - its expeditious submittal will therefore be to the Westing-
house advantage. Pleasc advise us as soon as possible of your planned
submittal date to permit us, in turn, to develop a review schedule.

Sincerely,

~ 4 v
u -
A TCAE S v

Robert L. Tedesco, Assistant Director
for Licensing
Division of Licensing

Enclosure: As stated

cc:: Me. Alex Ball
“Westinghouse Electrical Corp.
Nuclear Safety Department
P. 0. Box 355
Pittsburgh, Pennsylvania 15230



©

westinghcuse Water Reactor Nuciear Technoiogy Olvision
Electric Corporation Divisicns

Sox 358
PirTsDurgh Fennsyivania 15220

March 2, 1981
NS-TMA-2400

Mr. James R. Miller, Chief

Special Projects Branch

Jivision of Project Management

J. S. Nuclear Regulatory Commission
Phillips Building

7920 Nerfalk Avenue

Bethesda, Mary.and 20014

Ref: NS-TMA-2293,
August 22, 1980

SUBJEZT: Responses to "Request Number 4 for Additional Information on
WCAP-9401," NRC Letter from R. L. Tedesco to T. M. Angerson,
Fabruary 12, 1981

Dear Mr., Miller:

Enclosed are:

Twenty-five (25) copies of the proprietary responses to the NRC Request
Number 4 for adaitional information on WCAP-3401 (Proprietary).

Twenty (20) copies of the non-proprietary responses to the NRC Reguest
Number 4 for additional information on WCAP-3401 (Non-Proprietary).

A'so enclosed are:

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

~

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

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




correspondence with respect to the affidavit or application for withhold-
ing should reference AW-81-15 and should be addressed to R. A. Wiesemann,
Manager of Regulatory and egislative Affairs, Westinghouse Electric
Corporation, P. 0. Box 355, Pittsburgh, Pennsylvania 15230.

Very truly yours,

L4

-

'. M. Anderson, Manager
Nuclear Safety Department

bek
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QUESTION 492.12

Provide a statistical analysis based on only the OFA., If the results of
this analysis differ from the standard fuel design, justify the assump-
tion that the standard fuel data can be included in calculating the DNBR
limit for the OFA. Also provide the ONBR 1imit based on only the OFA
data.

RESPONSE

The following data are presented for these two OFA data sets, and for

both canbined.

" T
|

-

e -

In addition, computations using NORMAL (Reg. guide 5.22) howed that
these data sets are nomally distributed. Figures 3 and 4 show
normality plots of M/P for tne typical and thimble sets. Fiqures 5 and
6, patterned after Figure 1 from the NRC-SER on uCAP~a762)3now a com-
parison of the OFA 3Jacta and the standard fuel data for both average M/P
and standard geviation. [t can be seen OFA data compares well with
standard fuel data, falling within the limits already defined by stand-
ard fuel. Hece, for correlation purposes the OFA data sets should be
considered part of the total R grid population, with a minimun ONBR of

17
\ i/

(b,¢)
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QUESTION 492.14

What are the grid spacings for an OFA next to a standard assembly?
Since the OFA has wider grids, provide justification that the two grid
types are compatible.

RESPONSE

The grid spacings for an OFA next to a standard assembly are jdentical
to a standard assembly adjacent to a standard assembly. See Figure
included in response to question 492.10.

The height of the grid has a negligible effact on the hydraulic com-
patability of the grid, since the major hydraulic mismatch is cue to the
contrac*isn and expansion losses thru the grid and not the additional
frictional loss from the grid height. There are no elevation mismatches
as stated previously, and the two grid types are tnerefore compatible,
though there exists a difference in 3rid pressure loss coefficient.
Further compatability is justified by the negligible difference in
over-all assembly pressure drop between the flow tested OFA and standard
fuel assamblies.
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