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ATTrt: T. A An+ m on, Manager EMM/ CCMmantNuclear Eafety Departnant
'

P. 9. Box 355
Pittsburgh, Pennsylvania 15230

Dear Vr. Anderson: '

SUBJECT: ACCEPTANCE FOR REFERENCING TOPICAL REPORT WCAP 9401(P)/HCAP 9402(NP)

i
The Nuclear Regulatory Commission has completed its review of the Westinghouse
Electric Corporation Licensing Topical Report Number WCAP 9401/k' CAP 9402 (the
nonproprietary version) entitled " Verification Testing and Analyses of the
17 x 17 Optimized Fuel Assembly". The topical report docunents the results
of the tests and analyses performed by Westinghouse nten94 to verify the
design adequacy of the new Westinghouse 17 x 17 Optimized Fuei Assembly (OFA).
It tecludes the results of hydraulic flow testing and critial heat flux (C}iF)
testing and analyses. In addition, the reactor vessei 5.nd core models used
for seimic and loss of coolant accident analyses are described and the -

results af the analyses are presented. The summary of our safety evaluation
is attached. .

As a result of our review, we have concluded that the topical report WCAP 9401/
WCAP 9402, 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 recort itself and in our safety
evaluation of the topical report. In this regard, this acceptance does not
constitute acceptance of a " mixed" core teload. The staff review of a mixed
core reload will be performed in conjunction with our review of topical report
WCAD 0272 entitled " Westinghouse Reload Safety Evaluat'on Methodology".

We do not intend to repeat the review of the safety features described in
the topical report and found acceptable in the attachmert. Our ecceptance
applies only to the features described in the topical report and under the
conditions discussed in the attachment.

.
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"*" ' $31Mr. T. M. Anderson -2-

In accordance with established procedure, it is requested that Westinghouse
Electric Corporation publish an approved version of this report, incorpo ating
the 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
approved reports are to have a -A suffix.

Should Nu-leaf Regulatory Commission criteria or regulations change such'
that our conclusions as to the acceptability of the report are invalidated,
Westinghouse Electric Corporation rd/or the applicants referencing the
topical report will be expected to revise and resubmit their respective
documentation or submit justification for the continued effective applicability
of the topical report without revision of their respective documentatien.

Sincerely,

. m ,)s i .- C q
- ~ -

, . -

Robert L. Tedesco, Assistant Director
*

for Licensing
Division of Licensing

inclosure:
Topical Report Evaluation

cc: Mr. Bruce Lorenz
Westinghouse Electric Corporation
Nuclear Safety Department
P. O. Box 355
Pittsburgh, Pennsylvania 15230

>
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1.0 Introduction

When Westinghouse proposed the 17 x 17 optimized fuel assembly

(OFA) design, the licensing topical . report WCAP-9401, " Verification

Testing and Analyses of the 17 x 17 Optimized Fuel Assembly" (Ref.

1), was submitted in support of th: design. The report documents

the results of (a) full-sizcd assembly hydraulic flow tests that

provided information on fuel assemoly lift forces, fuel assembly

pressure drop, and cladding fretting wesr, (b) critical heat flux

tests of electrically heated fuel rod simulator bundles, and (c)

seismic and LOCA mechanical response analyses on Westinghouse 4-

loop plants that included static and dynamic structural testing of the

OFA.
.

2.0 S_ummary of Recort and Test Procedures

The report describes the verification testing performed on the

Westinghouse 17 x 17 0FA and the interpretation of the test results.

The 17 x 17 0FA is ccmarised of 8 grids, 254 fuel re is, 24 thimbles,

and 1 instrumentation tube. The thimble and instrumentation tubes,

cladding, anc 6 inner grids are made from Zircaloy-4, while the tcp

and bott m nozzles and end grids are made frem Inconel. The Zircaloy

grids contain mixing vanes and each grid is constructed of thicker

and taller grid straos comoared with the Inconel design. The outside

diameters (00s) of the OFA cladding and the thimble tubes are,

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

design.

B-3
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The fuel rods in the CFA test assemolies were filled with depleted

UO fuel pellets, precressurized with helium, and positioned off
2

the bottom noz:le. Curing the flow tests, thimble plugging devices |

lrestricted bypass ficw.

I

2.1 Hydraulic Flew Tests

Full-scale hydraulic ficw tests were performed in the Fuel
.

1

Assembly Test System (FATS) facility. The FATS facility is |
1

capable of testing two full-sized fuel assemblies side-by-

side. The flow tests were conducted in three different

phases. These phases were:

Phss? 1: A standard 17 x 17 fuel assemoly adj. ant to a

17 x 17 0FA.

Phase 2: Two 17 x 17 0FAs side-by-side.

Phase 3: Same as Phase 1 but included a 1000-hour wear

test.

2.1.1 Assembly Lift Forces

Fael assembly lift force measurements were made using

four load cells. The load cells were mcunted thrcugh

the icwer ccre plate (two cells cer assemoly) and ne

lift forces were measured by recording the off loading

of the load cells.
.
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The load cells were calibrated before the baffle was

assembled and during the loading of fuel assemblies.

Calibrations were also performed at all test temperatures.
,

,

As flow was increased, the lift forces were measured as

a function of flow rate.

2.1.2 Assembly Pressure Droo

; 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

APs were measured by AP transducers having an accuracy

of + 0.5% and a minimum frequency resconse of 50 Hz. -

'

Pressure drop data were obtained by first achieving the

desired loop temperature, stopoing flow, zeroing the
I

pressure transducers, and restarting flow. Once the

flow stabilized, aP data were taken.

Based on the data, Westingnouse concluded tnat the

difference in pressure droo between the cotimized fuel

assemoly and the standard fuel assemoly was shown to be

negligible.
.
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2.1.3 Claddino Fretting Wear

One purpose of the verification testing for the OFA was dI

to assess the susceptibility to fretting wear at grid-

to-cladding contact points.

Following Phase 1 and 2 testing, all fuel reds were

inspected at each grid location and no wear was observed.

The OFA assembly that was.ased in the' 1000-hour Phase 3

test employed two modifications: (a) some fuel rods

were preexidized and (b) three outer rows af grid cells

were initially sized to conservatively represent EOL

spacing. After completing tne test,131 fuel rods frem

tne OFA assemoly were insec;ted for wear at each grid

location. The average wear cepth, at a 95% confidence

and 95% probability level, were determined for both the

unexidized and preexidized fuel rods. Frem the pre-

oxidized 95/95 wear depth, a conservative extrapolation

was made to determine the magnitude of wear depth

corrasconding to EOL.

I 2.2 Critical Heat Flux Tests
.

The purpose of Section 2.0 of WCAP-9a01 is to show that the

thermal-nycraulic cnaracteristics .f the 17 x 17 0FA are

9
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not significantly different from those of the stanoard 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 Chemical

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

In the first series all the rods were heated. Thisrun.

simulated a region in the fuel assembly where there would be
4

all fuel rods. The second series left the center rod of the
bundle unheated. This represented a region in the fuel assembly '

where an instrument tube wnuld be located.

|

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

various distances along the heated length.
!
,

It was concluded that:
|

1.
Tne CHF characteristics of the 17 x 17 0FA can to tescribed
by 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 Boiling

Rati6 (DNBR) design criterion of 1.17.

! 8-7
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2.3 Seismic and LOCA_ Analyses

The general scope of a structural analysis is to define the

applied forces, develop a mathematical representation of the

physical structure (model), and obtain the response of the

structure to the applied ferces. The structural responses

obtained are either used as input to a substructure analysis

or compared to accepted limiting values. Analysis highlights

of each component of this analysis procedure are presented in

subsequent paragranhs.

The acclied forces described in the rubmittal are for the

postulated ccmcined-seismic-LOCA transient event. These

forces include the effects of seismic ground motion, internal

thermal-hydraulic Jepressuritation, and cavity pressurization.

The loading conditions chosen are indicated to be generically

applicable and bounding for a number of Westinghouse 17 x 17

twelve-foot fuel assembly plants.

Essentially four mathematical models are discussed in the

submittal. A SYSTEMS MODEL is described, wnich is used to

develop input for a CETAILED CCRE MODEL. The response of this

core model is then used as input to a L/.TERAL FUEL ASSEMBLY

MODEL from which ccmconent stresses are determined. An AXIAL

FUEL ASSEMBLY MODEL is also described. This axial model is

used to determine ccmconent stresses based on the fuel assemoly
,

B-8
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response frem a referenced vertical systems internals model.

The described systens model, When used to obtain the I,tructural

responses to seismic disturbances, introduces modeling concepts

to represent the fluid environment existing within the reactor

vessel. This modeling includes both a horizontal and vertical

implementation. The horizontal modeling uses established

modeling procedires 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 models are comoared with accepted limiting values.

The limit " slues chosen are based on NRC acceptance criteria

in Reference 2.

3.0 Summary of Staff Evaluation -

3.1 Hydraulic Flow Tests

3.1.1 Assembly Lift Forces

The lift force data presented in Figure -5 of WCAP-

9401 show good agreement between the lo'd cell measurements

and the lift forces calculated from measured Ps.
.

^
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3.1.2 Assembly Pressure Oreo

Westinghouse conclusion: The difference in pressure f
drop between the optimized fuel assembly and the standard

fuel assembly was shown to be negligible.
|
|

)
The results from Phase 1 and 2 of the pressure drop

test were pres. anted in a plot of AP-versus-flow rate.

1Westinghouse stated that the figure could provide a i

direct comparison of the hydraulic characteristics of

the tio fuel assemblies. However, a reader of WCAP-

9401 could not make such a comparison based on this

figure. The only comparison that can be made is one of *

the hydraulk characteristics of Phase 1 and 2 c." the

test series. The data from Phase 3 were not presented

in the figure. The reason for this, as stated by

Westinghouse, is that Phase 1 and 3 data were virtually

identical.

The staff questioned Westingneuse on the validity of

running the pressure droo tests at conditions below

steady state and anticipated transient conditions.

Westinghouse stated that pressure droo, !.P, is given by:

2AP = K (pV /2g),

Where : is density, V is flow velocity, < is comoonent

loss coefficient, and g is the gravitational constant.

B-10
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The variable K is a function of Reynolds number and a

log-log plot of X-versus-Reynolds number is linear.

Therefore, extrapolations to reactor operating con-

ditions can be made with confidence. The flow rates

were 10% above mechanical design flow rates and the

testing is representative of ficws during anticipated

transients. The staff concurs that the test data that

Westinghouse has c$n be analytically extrapolated to

reactor operating conditions with a high degree of

confidence.

.

In response to another staff ouestion, Westinghouse

provided a figure of the standard assembly and 0FA

side-by-side. The figure shows that the ;tandard and

0FA grid centerlines are mr.tched up over the length of

the assemblies. The grid .aaterial and length for the

s4x middle grids are not the same for the standard and

optimited design. The staff had questions concerning
I the c;mnatibility of these grids. Westinghcuse stated

that the grids were compatible for the following reasons:

1. The height of the grid ;tas a negligible effect on

hydraulic compatibility. The major hydraulic mis-

match is due to the expansion and contraction

losses through the grid and not the additional frictional

lo:t from grid heignt.
,

2. There are no alevation mismatches of grics.

B-ll
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3. Comcatibility is justified by the negligible aP

difference between the flow-tested 0FA and standard

fuel assemblies.

The staff has reviewed the f1cw test data and has con-

cluded that this type of testing (standard and 0FA

side-by-side) is insufficient to draw the conclusion

that the OFA and standard assembly are ccmcatible.

These tests did not address the effects of different

grid heights and different fuel pin diameters on diver-

sien cross ficw between fuel assemblies. The ccmaati-

bility of the two different types of grids should be -

demonstrated in a more cuantified manner before coera-

tion with a mixed cars can be eva'uated. In Section

18.3.2 of WCAP-5500 (Ref. a), West'rghouse indicated the

possibility of ficw tests to verify the hydraulic

ccmcatibility of the two types of assemblies. They

also stated that for a mixed core reload, the methodology

descri bt.a in WCAP-9272, " Westinghouse Reload Safety

Evaluation Methodology," (Ref.16) will be used to cerform

the reload safety ara,1ysis. Based on the commitment to

address our concerns en mixed assembiy ccmcatibility in

WCAP-9272, our review of a mixed core reload will be

in conjunction with cur review of WCAP-9272.

B-12
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3.1.3 Cladding Frettine Wear

The testing and subsequent analyses of cladding wear

anticipated in the CFA design are consistent with t. hose

previously perfomed (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-9500 (Ref. 4). We believe

that there is no coerating experience from Westinghouse-

NSSS plants that would indicate a fuel failure problem-

I arising from cladding fretting wear. Therefore, we .

find the cladding fretting war analysis to be acceptable.i

l
.

| 3.2 Critical Heat Flux Tests
l

l Westinghouse conclusion: The CHF characteristics of the 17 x

17 0FA can be descrited by the "R" grid form of the WRB-1 CHF

correlation.

The results from the CHF testing were presented in the form of

tables containing the run number, inlet pressure, temrerature,

velocity, the local Quality and heat flux (predicted and

measured), the ratio of the measured-to-predicted CHF for the

optimized fuel assembly, (M/P) g , the credicted and measured

8-13
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elevation from the inlet where CHF occurs, the original 17 x 17

matching run number, the (M/P)crg, and the repeatability
iparr_ meter. Also, there were plots of the repeatability |
|

parameter-versus-inlet pressure, flow, and local cuality.

Each of thea resentations were given for both a typical andc

thimble subchannel. The repeatability parameter is ocfined as:

S = l- [(M/P) g/(M/P) ] = [(M/P) (M/P) ],0!/P)-g

Thevaluesof(f)ap,and(f)rg are taken from tests run at

the same flow conditions. Westinghouse stated that the use of
,

the repeatability parameter to comoare data effectively

eliminates correlation uncertainties. The encertainties that

remain are due to errors in the 1000 operating condition

measurements and genuine differences between the two test

sections. The staff has reviewed this type of analysis and

concluded that it is accept tble for estimating Ch" test

receatability.

Based on the results of the CHF tests, the staff ' concluded tnat

the WRS-1 CHF correlation in its present form is an acceotable

means of predicting CHF in the OFA.

*

.

B-14
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Westinghouse conclusion: The new data can be incorporated

into the "R" grid data base without cha ging the DNBR design

criterian of 1.17.

In order for the >1ove statement to be true, it must be shown

that the OFA belongs to the population wnich is used to deter-

mine the limit or that 1.17 is a conservatico i!mit relative

to any limit based on OFA data.

Westinghouse has performed 'F-tests and an analysis of means to

shew that the OFA data belong to the total peculation. Of the,

five F-tests performed, the OFA cassed three. For the two F-
.

tests that the OFA failed, Westinghouse determined the DNBR

|
limit using only the bad or rejected 0FA data. It was shown

i

* hat a CNSR limit of 1.17 would be conservative when ao311edl

I

to the rejected data. The analysis of means showed that the

| data (standard, thimble, and typical 0FA) were within the
|
| limits on the means.

.

In determining the DNBR limit for the OFA, West .ngnouse used

2the variance within the test series about the mean ( cu ).

For the data presented in WCAP-9401, 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 related to each other by the following ecuation

(Ref. 14):

B-15
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where ej is the variance within the test series about the mean,

c{ is the variance among test series means, and fatal is the

total variance.

The total variance ( .j,,g) should be used to determine the

ONBR limit and not the variance within the test series about

themean((). The Staff has computed the DNBR limit using

the total variance. The ONBR limit calculated bv the staff

was 1.1685 while the CNBR limit reported in WCAP-9401 was

1.165. Therefore, the staff concludes that the CNBR limit of

1.17 is acceptable. '

3.3 Seismic and LCCA Analyses

The technical evaluation contained in this section considers

the effects of seismic and LOCA ccmbined loading. The Westinghouse

analysis procedure including analytical models, computer

methods, and acceptance criteria have been evaluated. The

evaluation was accomolisned by reviewing the Westinghouse

submittal and using indecendent audit calculations. In general,

the Westingneuse assessment of the seismic-LOCA loads problem

is acceptable. Cetailed evaluations of each phase of the

structural analysis procedure are presented in subsecuent

caragraphs.

! B-16
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3.3.1 Acolied Forces

The loading conditions 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.

6 and 7), significant expansion of the information

suoplied would be necessary to justify this acclicability
,

to all Westinghouse-NSSS plants. Our conclusions

concerning the results presented in WCAP-9401 therefore

apply only to these loading conditions.

Insufficient information was supplied to justify an

in-depth review of the internal hydraulic or cavity

pressure load develcoment; however, a previous 4-loop ,

Westinghouse plant audit (Ref. 5) indicated that the

Westinghouse approacn used for developing these acoliad

loads ic acceptable. The additional data (sunglied in

References 6 and 7) for several parametric studies in

the submittal indicated that little change in fuel system

resconse is likely to occur for the parameters varied.

.

The applied loads, although not fc and acclicable to all

cases, provide useful cases that may be used for com-

parison in some plant-scecific reviews. In certain

cases, a comcarison of plant specific applied loads to

those in the present submittal in conjunction with the

parametric study results will constitute a basis for

plant-scecific fuel system acceptability.

B-17
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3.3.2 Structural Models

The four mathematical models presented in the submittal

were reviewed. The review encompassed methods, structural

representations, and analytical-experimental carrela- 1

tions associated with the models. Each of t' a four

model reviews is discussed in the subsequenc ;aragraphs.

The system model was reviewed without the aid of audit

calculations. The detail associated with the model was

noted and was judged to be tufficient to determine core

plate motions. This judgment was based on the audit

calculations and comaarisons presented in Reference 5.

Although the 'iECAN computer code used in the :> stems

anal ~esis was not directly audited, the code bic been

benchmarked against hand calculations and problems in

the open literature and is presently under review by

the NRC staff and projected to have a favorable safety
.

evaluation.

.

{ Two new modelirg conce;ts associeted with the systems

model were reviewed. Based on the resconses (Refs. 5,

6, and 7) designed to clarify various ascects of the

vertical anc lateral fluid models, the methods used to

incorporate this effect are considered acceotable for

seismic analyses. This determinscion .vas succarted by

the exoerimental-analytical correlations succlied.

B-18
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The remaining three analytical models are essentially

j the same as those presented in WCAP-8236 (Ref. 8). The
|

| methods and models in Reference 8 are considered ac;eptable
|

to the NRC staff based on a previous review. However,

because of the basic design changes documented in the

submittal, additional experimental-analytical correlations

were requested and supplied in References 3, 6, and 7.

Based on this experimental verification (and previous

acceptance by the NRC of Reference 8)', the structural

representations are considered acceptacie.

The comeurer code WEGAP used to determine the core

region resconse is not the code previously accepted by

the NRC. The solution of a standard problem was,

therefore, required before accepting this calculational
l

procedure. The identical stancar4 problem originally'

accepted for the previous code verification was snived
I

| and transmitted in Reference 9. A ccmcarison of the
|
'

results in Reference 9 with those in References 10 and
|

11 demonstrates the acplicability of the WEGAP code for

solving this type of proolen. In conclusion, the WEGAP

ccmcuter code is accectable for determining core region

model response.

B-19
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3.3.3 Comoonent Evaluations
l

The basic criteria fo- acceptability for the postulated

seismic-LOCA condition is to provide assurance that the

reactor can be brought safely to a cold shutdown condition
,

(see Appendix E of Refc ence 2). To demonstrate accepta-

bility, the following six components were evaluated:

1. Fuel rods.

2. Guide thimbles.

3. End boxes.

4 Inserts.

5. Sleeves.

6. Spacer grids. -

These component evaluations are discussed in subsecuent

caragraphs.

3.3.3.1 Ccmoonents Other Than Grids

Fuel assembly comconents (other than grids)

are evaluated based on the stress criteria

outlined in Reference 4 These criteria are

consistent with the' NRC quidelines presented

in Reference 2. The material procerties used

in the evaluation are taken from Reference 12.

Lateral analysis stresses are obtained using

the maximum fuel assemcly deflection based on

the physical deflection limits imoosed by the

core region caffle. The axial stresses are

B-20
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obtained by matching vertical (LOCA) system

model nozzle impact loads to drop analysis

results on the axial fuel assembly model.

A combination of seismic and LCCA fuel assembly

component stresses was not perfomed. 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 allowable limit values.

Therefore, these fuel assembly components are

considered acceptable for the defined loading
i

i conditions.

3.3.3.2 Grids

Fuel assemoly spacer grid evaluations are

based on the limiting value of crushing load;

P as defined in Reference 2. De development
c7$ g

of the value of P was not discussed in the
crit

original suomittals; however, this infomation

is cresented in Reference 7. Bis information

has been reviewed in conjunction with Reference
.

2 and is considered acceptable.

B-21

I

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



= ,

.-

.

-20-

Resoonse grid loads were not combined in an

aopropriate fashion in the original WCAP-9401

report. Powever, in response to our questions

(Reference 7), seismic and LOCA response loads

are ccmbined using the SRSS method with a 1.3

factor for stema flashing appliad to the LOCA

loads. No sensitivity adjustment is considered

necessary based on the parametric study results

documented in Reference 7 and previous sensitivity

studies.

The combined-factored spacer grid response

load: are below the limiting value of P cri t -
Ther' fore, the spacer grid design is considered

acceccable for the cefined loading conditions.
|

4.0 Reculatory Position
~

We have reviewed WCAP-9401 and additional succorting 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 correlation for use

in the thermal-hydraulic analysis of the OFA.

B-22

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



|
|

. .

.

*t-
|

-21-

2. The DNBR limit of 1.17 is an acceptable thermal ict' gin 1,imit

for the OFA.

3. The analyses of assembly lift forces and cladding fretting wear

for the OFA design are acceptable.

4. Reasonable evidence dimenstrated that the OFA design can withstand

the effects of the defined seismic-LOCA ever.; .cr the cases

s tudied. A determination will be required on a plant-by-plant

basis to show that the aoplied forces fall within the envelope

of these cases; otherwise, additional analyse 8 will be required.

5. Before the staff can approve a mixed core reload, Westinghouse

must provide additional submittals which demonstrate in a

'

more cuantified manner the effects on diversion crossflow of

the different grid heights and d"fferent fuel pin diameters

and the consequential effects on DNB. Also, the review of

a mixed core reload wi11 be in conjunction with the review of

WCAP-9272.

Therefcre, the staff finds WCAP-9401 an acceptable and referential

report with the exception noted above.

.
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This report documents the results of the tests and analyses performed by
Westinghouse to verify the design adequacy of the new Westinghouse 17x17

1 Optimized Fuel Assembly (OFA). It includes the results of hydraulic flow
testing and critical heat flux (CHF) testing and analyses. In addition,,

the reactor vessal and core models used for seismic and loss of coolant
'

accident analyses are described, and the results of the analyses are
. presented.

Full-scale hydraulic flow tests were performed for two side-by-side 17x17
0FAs as well as a current standard . Westinghouse 17x17 fuel assembly
adjacent to a 17x17 0FA. The test rescits showed a negligible difference

in fuel assembly pressure drop, when comparing an 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 conditions.

Critical heat flux tests were conducted with electrically heated rod
bundle sections which model the OFA. Analysis of the data shows 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 Westinghouse four loop, twelve foot plants..

|

Static and dynamic structural test results of an CFA compared with

i analytical predictions indicate that the fuel assembly lateral and axial

i structural behavior can be fully determined with finitt element models.

It was concluded that these analytical models are appropriate for

investigation of fuel assembly responses under the lateral seismic,
i lateral blowdown and vertical blowdown accidents. Analysis of the 17x17

I 0FA component stresses and grid impact forces due to a postulated,

h faulted condition accident has indicated that the design is structurally

acceptable based upon ene. established allowable design limits,
b

,
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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 the capability to test two full size fuel assemblies side-by-side.
Two OFAs were tested, side-by-side, to simulate reactor hydraulic condi-
tions. f.kewise an OFA and a current standard 17x17 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 f acility descriptions are given in Section 1.2.

The flow tests were performed in the following phases:

- Phase 1 - consisted of a standard 17x17 fuel asset.f ly adjacent to a

177.17 0FA.
m

- Phase 2 - consisted of two 17x17 0FAs, 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 lif t 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.

.

9
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1.2 HARDWARE DESCRIPTION

1.2.1 FUEL ASSEMBLIES

The two 17x17 0FAs had 8 grids, 264 fuel rods, 24 thimbles and ,a center
instrumentation tube, as shown in Figure 1-1. 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

Zirealoy mixing vane grids had the same basic mechanical configuration
as the standard "A sonel 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 than the

standard assembly. One OFA test assembly was not instrumented and had
the 264 fuel rods filled with depleted UO pellets. The ins trumented

2

0FA test assembly contained 254 fuel rods filled with depleted UO and
2

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 1-1. This assembly con-
tained fuel rods filled with lead in order to simulate'the weight of
fuel rods filled with UO P*II****2

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.

.

1-2
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' TABLE l-1

COMPARISON OF 17 x 17 OPTIMIZED TEST ASSEMBLY

AND 17 x 17 STANDARD ASSEMBLY DESIGN PARAHETERS
.

1

i

Optimized Test

Parameter Assembly Design Standard Design
,

, .

Number of Fuel Rods / Ass'y. 264 2644

Number of Guide Thimbles / Ass'y. 24 24

Number of Instrumentation Tube / Ass *y. I 1

'

j Fuel Rod Pitch, in. 0.496 0.496

Fuel Tube Material Zircaloy-4 Zircaloy-4;

f,r. Fuel Rod Clad OD, in. +(a,c) 0.374

$. Fuel Rod Clad Thickness, in. 0.0225

Guide Thimble Material Zircaloy-4 Zircaloy-4
,

4 Cuide Thimble OD, in. 0.474 0.482

Cuide Thimble Wall Thickness, in. 0.016 0.016

Structural Mat'l. - inner grids (6) Zircaloy Inconel

Structural Mat'I. - end grids (2) Inconel Inconel
*

Grid Inner Strap Thickness, mil +(a,c) 10.5

Crid Outer Strap Thickness, mil 17

Crid Support for Fuel Rods 6 Point; 2 Springs
*

+ 4 Dimples
Crid Height, inch. less 1.32-

i

~ vancs/ inner straps

Bottaa Nozzle
_ _

Standard Standard

. Top Nozzle Standard Standard

.

is e
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1.2.2 FUEL ASSEMBLY TEST SYSTEM (FATS) FACILITY
,

1.2.2.1 Facility Description

Figure 1-2 shows a schematic of the fuel assembly test system. -Wate r
was supplied from the storage tank, pumped into the test vessel bottom
and out tne vessel top, and passed through a heat exchanger to maintain

$the desired fluid test temperature. Flow was controlled by a
pneumatic 411y operated proportional control valve (No. 1) and
continuously recirculated back through the pumps via the line bypass
valve (No. 2). The loop flow rrce was measured with a 10-inch Varco
Venturi located on the outlet side af the test vessel. The two
identical pumps are capable of delivering up to 5500 gpm when operating
together. There are two heat exchanger units, a water-water (W/W) unit
to control system temperature between 105-150 F, and an air-water
(A/W) unit to control temperatures between 150-300 F. The filter

removes particulate matter from the test water as may be required.
During .nonnal test operations the filter isolation valve (No. 3) is
closed.

'

1.2.2.2 FATS Test Vessel and Test Assemblies

Figure 1-3 shows the placement of the test assemblies into the baffle
enclosure and test vessel. Water enters the bottom of the rectangular

baffle enclosure, flows up through the lower core plate simulator and
test assemblies, and exits through the upper baffle enclosure and test
vessel outlet pipe.

1-5
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Figure 1-2 Schematic of Fuel Assembly Test System (FATS)
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1.3 PRE -TEST PfJPAR ATIONS AND INSTRUNENTATION
'

l.3.1 PRESSURE DROP MEASUREMENTS

Static pressure caps were used te measure the fuel assembly pressure
,

'

drops. These w(fe located on the baffle enclosure within the test ves-
sel as shown on Figure 1-4. Each pressur6 measurement tap had a redun-

dant tap located at the saae elevation on a perpendicular baffle wall
(90 apart). A 4tta acquisitica system was used to collect and condi-
tion the data, which consistea of approximately 100 6P readings for
each set of flow and temperature conditions.

,

Using the pressure tap locations in Fign:e 1-4, AP transducers were
used to measure the overall fuel assembly 6Ps. The 6P transducers

had an accuracy of 1,0.5% and a minimum freque:.cy . 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 cells per assembly), mounted through the
lower core plate. As flow was increased, the data provided the lift
forces as a function of flow.i

Load cells were calibrated in the lower core plate before the baffle was

asst , bled and during the loading of the fi.el 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 1.4.1.

1.3.3 PRE 0XIDIZED FUEL ROP 3 AND GRIDS

. In order to determine fuel 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 ef fect of et11 size on wear.
.

1-8
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Figure 1-4 Location of Fuel Assembly Pres'sure
Drop Measurement
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1.4 FLOW TESTING PLAN AND RESULTS

3

1.4.1 TEST OPERATIONS

Test operations 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 spa + 0.5

Nominal Fuel Rod 2400 gpm + 0.5

Bundle Flow

All AP Measurements varies psid + 0.5

Assembly Lift 0-2000 lbs + 0.5

1.4.2 ?UEL ASSEMBLY LIFT FORCES

Lift force data were obtained during Phases 1, 2 and 3 with the test

i conditions given in Tables 1-1 and 1-2. Results given in Figure 1-6
l 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 mearured lif t forces are slightly greater
(about 10%) at 100 F coolant temperature compared to a 300"F coolant

terperature.

|

|
-

| .

|
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TABLE l- 2

FATS FLOW TEST PLAN - PilASE 1* AND PilASE 2*

Test Phase / Data Tempe ra ture Pressure Flow per

(Number of Tests) Information Sought Recorded ( F) (psig) Assy (gpm)

1(4); 2(4) Pressure Drop AP 100 220 500, 700

determinations (psi) 1000, 1500

1(4); 2(4) Same as a.bove Same 200 Same Same

1(4); 2(4) Same as above Same 250 Same Same
,

1(7); 2(7) Same as above same 300 Same 500, 700

1000, 1500

y 3000, 2400

2570

1(4); 2(4) Assembly lif t force Lift 10J 220 500, 700

force (Ibs) 1000, 1500

1(4); 2(4) Same as above Same 200 Same Same

1(4), 2(4) Same as above Same 250 Same Same

1(7); 2(7) Same as above Same 300 Same 500, 700

1000, 1500

2000, 2400

2570

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

+ Test Assemblies - Instrumented and Non-Instrumented 17x17 0FAs.

. _ _
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,

4

!
* TABIE l-3

,

FATS FLOW TEST PLAN - PHASE 3+

i

i Number Information Data Teinpe ra tu re Pressure Flow per

of Teats Sought Recorded ( F) (psig) Assy (gpm)

! 2 Assembly lift forces Lift force 100 220 1000, 1500

(Ibs)

a
~

2 Same as above Same 200 Same Same
'

i .

Y
g 2 Same as above Same 250 Same Same

,

4 -

i 5 Same as above same 300 Same 1000, 1500
I

i 2000, 2200

2400
,

1

i 1 Wear - 1000 hour test 300 220 2360*-

!

a

j
'

i
.

1

I
.

1
+ Test Asseinblies - Instrumented 17x17 OFA And 17x17 Inconel Cri,d.;

* Represents [ }* of Mechanical Design Flow (MDF). (b.c)

.I

4
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1.4.3 PRESSURE DROP

Pressure drop data were obtained from the etatic pressure taps shown in
Figure 1-4. For a given test condition, once the desired loop terpera-
ture was schieved, the test procedure was to stop the flow, zero the -

prossure transducers, restart the flow, and take the data when the flow
serbit! zed. The data consisted of approximately 100 AP readings for
ecch set of flow and temperature conditions.

Ths fuel assembly static pressure drop measurements for both Phase 1 and
Phtse 2 are presented in Figure 1-7 to pruvide a direct comparison of
thz hydraulic characteristics between the two fuel assemblies. Addi-
tional dar; taken during Phase 3 (not shown) were virtually identical to
thct obtained during Phase 1.

Ths best fits of the two sets of data indicated [
]* To determine the significance of this (b , c)

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

deca. 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 ILnit and it was found that the statistical difference in the
pressure losses between the two phases of testing was ( (a,c)

)* Therefore, the overal) fuel assembly pressure drop

[ ] * for both- the 17:17 0FA 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

|. et each grid location and each support point for fretting wear. Each
fu21 rod was rotated 45 and removed from the fuel assembly. The

rotation of the fuel rods assured that unloading scratches did not

int,erfere with the fretting evaluation.
|

|

1-15
l
1

i
,

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



.- _ - . .

|

(b,c)
- _+-

So .

.

40 .
-

.

., __.. *

v

?~
1

g 3C -
'

a
t ..

z
w

o.
<

2:x
-

f.
| $ -

-

<
n
m
y to .

t -

| 2
i E
: . .

.

-

:)-
2%. . 422$No 5 ~ /an--..@a.... m :45 =tjcg_2eg go _wo0

Assembly Flow Rate - GPM

Figure 1-7 Measured Fuel Assembly Static aP vs. Assembly Flow Rate

i

e

1-16
i

- . - ..-..~.- -..-. . . . . - . - - . . , . . - . . . - . - . . - . . - . _ - . . - . . . . - . - - . -- . . - - . . . - - .



i
,

1

| During Phase 1 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'

1.4.4.2 Wear Results - Phase 3
c .

A new fuel assembly structure was incorporated into the 1000 hours Phase
1 3 test program. The outer three rows of grid 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
for 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 [ ] * uils for the preoxidized rods and [ l* mils for (a,b,c)

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 [- ]* mil wear depth of the (a,b cl

1000 hour test preexidized rods, the wear depth for oxidized rods at EOL
#(48 months of full flow) in a reactor is approximately [ l mils. (a , c)

1

l

I
.

.

1
1 *

l

| .
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1.5 TEST CONCLUSIONS

1.5.1 LIFT FORCES

Fuel assembly lift- forces determined directly from load cell measure-
,,

ments are consistent with lift forces calculated from pressure drop

measurements.

1.5.2 PRESSURE DROP

The differ?nce in fuel assembly pressure drop between the optimized fuel
assembly and the standard (Inconel) fuel assembly was shown [ (a ,b , c)

1*

1.5.3 WEAR
,

For *'e 1000 hour test, the average wear depth for the preoxidized fuel

rods was [ 'l* mils at a 95% confidence level. From this result, the (a,b,c)

extrapolated fuel rod clad fretting wear of [ l* mils at end-of-life (a,c)

in a reactor is acceptable.

.
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2.0 CRITICAL PEAT FLUX TESTING AND ANALY2?3

|

2.1 INTRODUCTION
,

__

References 1 and 2 describe the result <. of extensive Critical Heat Flux
i

(CHF) tests conducted with electrically heated rod bundle test sections
built to model the current Westinghouse 17x17 fuel assembly design.

This chapter describes similar CHF tests which model the optimized 17x17
,

fuel assembly. From a CHF standpoint, the optimized 17x17 design
differs from tbe current 17x17 design in two respects:

.i

1

1. The dimensions of the type tR" mixing vane grid have been altered
due to a material change.

2. The fuel rod diameter has been reduced to [ !* 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.

!

|

|

|

|

r

:

f

. .
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2.2 TEST FACILITIES AND TEST SECTIONS

2.2.1 FACILITIES,
.

The test facilities and procedures have been described in detail in
References 1 and 2. No significant changes were made for the optimized
17x17 fuel as sembly CHF tests.

2.2.2 TEST SECTIONS

The two test sections utilized for these tests were quite similar to

those described in Refererces 1 and 2 except for the following

differences.

The mixing vane grid design was modified because a new material
(Zirealoy) was used which has different mechanical properties than an
Inconc1 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 [ l inch. Figure 2-1 (a . c)

is a sketch of the red 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 gri 3, pressure caps and thermocouples are

shown in Figure 2-3. Figure 2-4 shows the axial cosine heat flux
profile used in these tests.

,

e

2-2
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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 describ'ed in
|

'. References 1_and 2, except that a new CHF correlation, the WRB-1 of
i

f
steference 3, was used to predict CHF. A performance factor of

( l * was use d. This is the same value which was used for the (a,c)

original 17x17 geometry data, Reference 3.

2.3.2 DATA ANALYSIS

|

| The results of these tests are tabulated in Table 2-1 for the typical

cell and in Tab 1a 2-2 ('or the thimble cell). Most of the runs in this'

te.st program uere carried out at inlet conditions which ratch those of
the original 17x17 (0.374 inch rod diameter) data set. These matching

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

In order to reveal any differences in CHF characteristics which might
exist between the optimized and the original 17x17 design, a
repeatability parameter, 6 , is defined for each matched pair of the

R
optimi::ed design and the original 17x17 geometry runs:i

! (y) (M) (M)
w,

p -p .
_

,

dt rig Pt
I 6 =1- ,

(f) (f), ,

I orig orig
(

where(f) is the measured-to-predicted CHF ratio for the optimized
opt 17x17 fuel assembly design.,

l

(f) is the measured-to-predicted CHF ratio for the original
,

#18 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.
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Values of S are tabulated in Tables 2-1 and 2-2 are shown plottedR
against fluid parameters in Figures 2-5 and 2-6. These plots display
random scatter about zero and show no apparent trends with the principal
test parameters. This is a clear indication that there are no

substantial differences in CHF bettieen the optimized and the original
17x17 designs.
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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 (M/P) and sample standard deviation,

S, are used to calculate the 95/95 value of DNBR using the method of Owen
(Reference 4), the result is:

(DNBR)95/95 "( ) " 1.0062 - (1.7 3M O.0857)_ g3

avg

Where K is a statistical factor (Reference 4)

(DNBR)95/95 = 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
Referenc2 3 is not changed by the incorporation of the new optimized fuel
17x17 data into the "R" grid data base of the WRS-1 correlation.

1

I
!

.
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TABLE 2-3

'

WRB-1 CHF CORRELATION - STATISTICAL RESULTS

Heated Grid
Rod Length Spacing Heat Number of Sample
0.D. LH Flux Data Pcs. Standard

Es!hi Inch Ft In Profile Configuration * N (H/F) avg Deviation, S Reference

O.374 14 22 UNIF TYP - 5x5 ~71 0.9964 0.0655 (3)
'

0.374 14 26 UNIF TYP - 5x5 73 1.0041 0.0805,

7 0.374 8 22 UNIF TYP - 5x5 67 1.0502 0.1020
| 0.374 8 26 UNIF TYP - 5x5 78 1.0136 0.0848
i 0.374 14 22 COSINE TYP - 5x5 74 1.0022 0.0852

0.422 8 20 COSINE TYP - 4x4 33 1.0042 0.0528
0.422 8 20 USINU TYP - 4x4 33 0.9937 0.0649
0.422 8 26 USINU TYP - 4x4 36 0.9846 0.0922:

! 0.422 14 26 USINU TYP - 4x4 35 1.0584 0.0816
) 0.422 14 20 USINU TYP - 4x4 36 1.0100 0.0915n

/ 0.422 14 13 USIPU TYP - 4x4 38 0.9737 0.0781' " 0.422 14 32 USINU TYP - 4x4 38 1.0238 0.0752
: 0.422 8 32 USINU TYP - 4x4' 31 0.9913 0.0724
$ 0.422 14 26 USINU TYP - 4x4 71 1.0466 0.0829I 0.422 14 26 UNIF TYP - 4x4 42 0.9321 0.0595

0.422 14 26 USINU ~111 - 4x4 39 1.0141 0.0579
0.422 14 32 USINU TH - 4x4 37 0.9738 0.0887
0.374 14 22 COSINE TH - 5x5 70 1.0002 0.0796
0.374khC 8 26 UNIF TH - 5x5 68 1.0303 0.1048

14 20 COSINE TYP - 5x5 63 0.9918 0.0970 This study
14 20 COSINE TH - 5x5 38 0.9755 0.0504 This study. -

ALL DATA' 1071 1.0062 0.0857

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

* TYP - Typi~ cal Cell
TH - Thimble Cell

4
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2.5 CONCLUSIONS

The CHF characteristics of the optimized 17x17 fuel assembly design are
not significantly different from those of the original design, and can be
adequately described by the "R" grid form of the WRB-1 CHF corr, elation

(a, c)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 1.17.

.

4

.
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Westinghouse Water Reactor Nucmar tecnnaiogy oimion

Electric Corporation Olvisions gc,333
PittSDurgn Pennsylvania 15230'

!

April 16,1980
Mr. John F. Stolz, Chief NS-TMA-2232
Light Water Reactors Branch #1

,

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-9401 (Proprietary) and WCAP-9402
(Non-Proprietary)

Dear Mr. Stolz:

Enclosed are:.

1. Twenty (20) copies of Revision 1 to Section ",.0 of Westinghouse Topical
Report, " Verification Testing ard Analyses of tiie Westinghouse 17 X 17
Optimized Fuel Assembly" (WCAP-9401 Proprietary).

2. Forty (40) copies of Revision 1 to Section 3.0 of Westinghouse Topical
Report, " Verification Tasting 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 io 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

j are responses to NRC questions discussed during a maeting between Westinghouse
j and the NRC held in March 1980.
|

To facilitate Staff review of this topical report, the revised 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

I 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 questions or concerns you may have on this
subject.

This subnittal contain proprietary information of Westingbruse Electric
Corporation. In conformance with the requirements of 10CFR2.790, 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. O. Box 355, Pittsburgh, Pennsylvania 15230.

Very truly yours,

<<s/> -

,

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 CDOLANT 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 condi. tion loads.

The faulted condition loads considered in the design evaluation are

, derived from the maximum responses obtained from the lateral safe shut-
down earthquake, 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 analyst s presented are applicable to a nuFrer of Westinghouse 4-Loop
17x17 twelvt 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 uf umbrella analyses produces struc-
tural response which are conservatively larger than those realistically
expected from plant specific analyses.

3.2 FUEL ASSEMBLY LATERAL SEISMIC ANALYSIS

The 17x17 8-grid 0FA was analyzed for maximum seismic deflection and
' grid impact forces using the time history method. The dynamic charac-

teristics of a 17x17 8-grid 0FA 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 (a,c)
of core plate motion was determined by using the [

]* Figure 3-2 indicates that the response spectrum of the (a,c)
seismic wave at reactor vessel support [

]* (a,c)

The fuel assembly was modeled using a discrete mass and far-coupled

spring system in order to reduce the number of dynamic degrees-of-free-
dom and to fully preserve the essential fuel assembly dynamic properties

.such as mass distribution, fundamental frequencies, mode shapes and

orthogonality relationshios among distinct vibrational modes.

The general purpose cormuter code was programed using the maximum
number of 15 fuel assemblies in an array of a reactor core in a four
loop plant.

3.2.1 ANALYTICAL PROCEDURE

For sufficiently large horizontal forces, the fuel assemblies will
deflect 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.

i
'

The general analytical procedure for evaluating the fuel assembly seis-
mically induced stresses and deflections 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 (2) with

;

! appropriate changes for 17x17 8-grid 0FA characteristics. The fuel
assembly skeleton is represented by the central beam lattice structure;

|
i

| 4806A
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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
model and constrained by the friction elements such as 5 to 7 and 9 to i

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
applied at the fifth grid of the'model, and the load deflection charac-
teristics were oatained. Figure 3-5 gives the 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:

-.

+(a,c)

1

--
--
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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 [ ]* behavior, effects of [ (a,c)

|

]* Decoupling the RPV model from the (a,c)

remainder of the nuclear steam supply system is accomplished by

[i

]* (a.c)

A finite element representation using the WECAN(1) 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 [

]* Elements input to the model (a,c)

include [
]* The model is best described (a c)

as [
t

'

,

]* (a,c)
,

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 [ ]* Following the (a,c)

4806A
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Figure 3-7(b) Reactor Core Barrel Model
4

3-12

9

'' ''
'

_ _ _ . _ _ _ _ _ _ _ _



._ -

| /

+ (a c)_ -

.

-.

Figure 3-7(c) RPV Shell Model
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Figurt 3-7(d) Vertical Hydrodynamics Model
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'
' -

' "' (a,c)+

,

.

.

-
-,

| 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 conveniently 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(5) program.

3-16
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+(a,c)'

__

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 th'ese forces to the structures' vertical move-
ments. Incorporating this [ ]+ model provides a +(a.c)
realistic me'Jiod for including vertical fluid-structure interaction

_

phenomena. . The model includes the actual water mass in the reactor
i

vessel and no virtual water mass is employed, i.e., the reactor vessel
weight corresponds to the physical value. The[

3+ model is removed for LOCA evaluation. +(a c)'

~~~ +(a,c)

_
_

3-18
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+(a,c)

.

__

| 3.2.3.1 Seismic Evaluation

-

t

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

[

]* The (a,c)
response spectra from the synthesized and umbrella spectra are shown in

,

Figure 3-1. As a result of the RPV transient analysis, the motion of
;
' the nadal points in the model were obtained including [ :

.

3~II '
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J+
(a,c)

A number of RPV seismic time-history analyses were performed for the

effect of [
]+ Because the core seismic analysis indicated that the fuel 1 (a,c)

assembly response is in general dependent upon the [

]* The worst case time-history response of the core plates and (a,c)

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 Evaluation
i. .

The RPV model was analyzed for the effect of worse case loss-of-coolant-

accidents (LOCA). LOCA excitation results from the release of the
pressurized primirj system's coolant and, for guillotine pipe 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 loads (for guil-
latine 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 MULTIFLEX(5) thermal hydraulic code which considers the
fluid-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
system (6): five in the hot leg pipe, three in the cross-over leg pipe'

and three in the cold leg pipe. Break locationr. 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: [

]+ (a c)

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 (a,c)

analyses of primary coolant systems revealed that break opening areas

did not exceed [ ]+ for ruptures (a,c)
at the vessel inlet safe end and pump outlet safe end, respectively. A
vessel inlet nozzle rupture with a break opening area of [

l ]+ was chosen as a conservative analytical basis for cold leg (a,c)
l 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 (a,c)

determine the effect of a hot leg break with cavity pressure. A[
]+ was analyzed since break opening areas for (a,c)

RPV outlet nozzle safe end ruptures do not exceed [ ]+ (a,c)

Thus,consideringthe[
]+ leads to determination of the worse case vertical (a,c)

fuel assembly nozzle loads. Several analyses were conducte.d for each of
the postulated break locations for the effect of [

]+ The results include transient core plate and (a,c)

core barrel displacements for input into the reactor core LOCA model.
In addition, fuel assembly vertical nozzle loads were obtained.

3-21
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3.2.4 REACTOR CORE MODEL (HORIZONTAL)
.

The analytical rari.or core model, shown in Figure 3-10 was used to
simulate the fuel assembly interaction during seismic excitation. A
total ref 15 fuel assemblies was used to analyze the core response. The
fuel at semby contains eight grids, two of which are near the end sup-
ports r.nd can be considered as an integral part of the end supports,
therefore, a six mass model was selected to represent the dynamic
response of the fuel assembly's six interior Zircaloy grids. A spring
mass system was used to simulate the dynamic characteristics of the fuel
asserW les. The values for the spring rates and mass distribution for
the model wt. ' calculated based on fuel assembly analytically determined
mode shapes and corresponding frequencies. The model used far-
coupling (3) 1.achniques to obtain 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 horizontally as a rigid body.

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

t 2 3
were simultaneously applied to the complete core model. The core barrel
motions at each individual grid elevation were then linearly inter-
polated between the motions 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 [ ]+ inch were used for baffle (a c)
plate peripheral and fuel assenbly gap respectively.

The equation of motion for the structural system is given by:

3-22
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1
i

.

[M]{2}+[C]{i}+[K]{X}={F(t)}

where:

[M] = the total mass matrix of the structure
[C] = the total viscous damping matrix of the structure*

(K] = the total stiffness matrix of the structure
{X} = the nodal point displacement vector
{i} = the nodal point velocity vector
{E} = the nodal point acceleration vector
F(t) = the vector of applied nodal forces

,A general finite glement code using the Newmark-Beta multistep direct
integration methodI8) was used to calculate the displacement response
solutions at each successive time step by iterating the impact force.

.

The time increment of [ -]* msec. was chosen for the transient (a,c)

analyses to assure the proper solutien convergence. The selected time
increment is approximately [ ]*oftheshortestperiod (a c)
of the core system.

3.2.5 FUEL ASSEMBLY DYNAMIC PROPERTIES
.

The analytical techniques to determine the fuel assembly response to a
t

seismic wave discussed in the previous section requires fuel assembly

f 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

|

|
;
l
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the fuel assembly mode shapes is presented in Figure 3-12. Based on the

mode 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. The 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 C , C , and
S g

K,K in the reactor core model (Figure 3-10) were also determined
3 g

experimentally. The stiffness, K , which represents the combined fuel
3

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 restnint. 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
displacement. 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, K , and damping,3

C , constraints were obtained.
3;

!
The physical values for K , C ' KS and CS are given as the fol-G G

lowing:

K3[ ]+ lb/in (b,c)Kg.[ ]+ lb/in
Cg.[ ]*lb-sec/in C3.[ ]+lb-sec/in (b,c)

|

The value, K , represents the grid dynamic stiffness a1d was deter-
| g

| mined experimentally from grid impact tests. These tests were conducted
|

|
3-26
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TABLE 3-1

MECHANICAL CONSTANTS FOR 17x17 8-GRID

OPTIMIZED FUEL ASSEMBLY MODEL (FULL)

Mass Spring Stiffness Damping Coefficient
2No. lb-sec /in 1blin. lb-sec/in.

+(a,b.c)--

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21
-

- -
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Figum 3-10 Schematic Representation of Coquter Model used to
Analyza Com Dynamic Response
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both at ambient temperature and operating temperature using prototype

grids. Partial length fuel tubes were inserted in the grids to si:aulate
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, C )g

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 reactor 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

I an optimized fuel assembly are used to assess the fuel assently

j se nmic capability.

( The central grids (grid No. 4 and No. 5) relative displacement responses'

for the 17x17 G-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 [ ]* inches at t=5.3090 seconds. !(a,c)
||

|

|
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.

i

l
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' Figure 3-13 - Displacement Responses of Fuel Assembly

No.1 - Grid No. 5 and Grid No. 4
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Figum 3-14 Displacement Response of Fuel Assembly
No.10 - Grid No. 5 and Grid No. 4
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Figum 3-15 Otsplacement Responses of Fuel Assembly
No.15 - Grid No. 5 and Grid No. 4
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F1 gum 3-16 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. I and 15) during a ten second seismic analysis are shown in
Figures 3-16 and 3-17. A maximum impact force of [ ]*lbsbetween (a.c)
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 19317x17 8-grid
optimized fuel assemblies are sumarized 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 [ ]* lbs. is well below the (a,c)

experimentally established lower 95 percent confidence limit of the true
mean Zircaloy grid dynamic crush strength of [ ]+ lb at operating (a,c)

temperature, 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 symetric 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 [ ]+ inch, (a,c)

which was equivalent to the physical limit imposed by the accumulated
interfuel assembly gaps plus grid flexibility.

3-36
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|
i

!

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 No No. (Ibs) Time No. (inches) Time.

+(a,c)~

7

6 -

5

4

3

2
-

_

|

.

*The relative displacement with respect to the fuel assembly centerline.

!

!

i

:
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Figure 3-17 Impact Force Responses Between Fuel Asserrbly
No.15 and Baffle Plate - Grid No. 5 and Grid
No. 4
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.

f Based on the 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

f were the maximun. values obtained between grids for the particular span.
'

,
-

,

The maximum stresses for various fuel assembly components were compared
1

I with the allowable limits and are tabulated in Table 3-4. All the cal-

culated seismic stresses rre well below the acceptable limits.
:

The critical thimble tube buckling stress due to combined bending moment
! and axial compression would result in substantially higher stress than
u 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
1

elastically.

3.3 LATERAL BLOWDOWN ANALYSIS
i

! 3.3.1 ANALYTICAL PROCEDURE
; -

The fuel assembly response's 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 pipe 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. It was developed from.

the time dependent hydraulic cavity pressure, loop mechanical loads and
lateral loads as a result of a oipe 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 fintre clement 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 imptet loads. The general analytical procedure for

! obtaining the grid imptc. forces and fuel assembly deflection responses
is outlined in Figure 3-18

!
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TABLE 3-3

FUEL ASSEMBLY STRESSES FOR SSE

.

Thimble Stresses (ksi) Fuel Tube Stresses (ksi)
_

Span Max Max Max Max Max Max

Location Direct Bending Combined Direct Bending Combined

+(a,c)-
.

Top 9

8

7

6

5

4 -

3

2 - ,

Bottom 1
'

.-

_

0
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l

.

~ TABLE 3-4

FUEL ASSEMBLY MAXIMUM SEISMIC STRESSES AND LIMITS AT

REACTOR OPERATING CONDITION (600*F)

Primary Stresses (ksi) Combined Stresses (ksi) |

Max

Direct
Max. Max. and

Component Direct Bending Allowable [a] Bending A:'owable[a]

+(a.c)__ __.

Thimble

Sleeve
.

Insert

Fuel RodED3
i

Top and Bottom Noziles
,

_

.

a. Westinghouse WCAP 9500 Sec. 4.2.1.5.

b. The primary operating stresses due to the pressure differential across the
cladding of 1250 psia at BOL zero burnup, hot operating temperature, are

g = [ ]* ksi and eHoop - [ ] ksi. The resulting combined stresses in (a,c)o

comparing with allowable limits indicate that all stresses are well below the
acceptable limits.

c. Small Value. -
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accident and develop finite element model
hydraulic forcing functions calculates FA dynamic

properties
i

|
"

"
, , j

Conbine hydraulic load,
cavity pressure; and Obtain simplified FA

j loop mechanical loads model and grid impact,

' model

=

'
, r

General reactor
vessel and internal 4
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i

v , e

Obtain responses for Core Finite Element Model
-> (15 full fuel assenblies

|
core plates and barrel

and core barrel)
~

_

Compute max. FA
responses

er, e

! Detennine max. grid Determine a '.imiting

|
impact force FA deformed shape

J

< r

Calculate FA component
stresses

'
F

Redesign Compare stresses and
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+
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Core Lateral Blowdown
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3.3.2 ANALYTICAL METHOD AND MODELING
.

The vessel motion induces primary lateral loads on the reactor core.
The seismic model described in Section 3.2 was used to obtain the fuel
tssembly 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 differences.
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 plate and core barrel. These motions are
obtained from the time history analysis of the general reactor vessel
and internals finite element model as described in Section 3.2.3.

The complete ccre 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 oesignated as F (t), F (t), F (t), ...,

1 2 3

and F (t), respectively were then simultaneously applied to the ccm-8
plete core model.

|
-

| 3.3.3 LATERAL BLOWDOWN ANALYSIS RESULTS

|
The fuel assembly response, namely, displacements and grid impact
forces, was obtained from the 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 that the initial relative
motion is in the opposite direction with respect to the excitation
motion. The fuel assembly motion then revarses 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 [ ]* inches at grid No. 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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The fuel assembly grid impact forces were also 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 I

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

[ ]+ lbs occurred at grid location No. 4 at t=0.2841 seconds after (a.c)
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
L semblies and baffle plates are given in Figure 3-23.

The maximum responses for the various grids of a 17x17 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.

i

3.4 VERTICAL BLN DOWN 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-GRIO OPTIMIZED FUEL ASSEMBLY

[ ]* ANALYSIS RESULTS (a,c)
.

Max. Peripheral FA*
Grid Impact Force Relative Displacement

FA Value FA Value

Grid No. No. (lbs) Time No. (inches) Time

+(a,c)--

7

6

5

4 ,

3
.

2
_

|

*The relative displacement with i+..pect to the fuel assembly centerline.

;
,

1

| 3-48
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TABLE 3-6

FUEL ASSEMBLY STRESSES FOR

[ ]+ (a.c)
,

[ ]*' (a,'c)

Thimble Stresses (ksi) Fuel Tube Stresses (ksi)

Span Max Max Max Max Max Max

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

Top 9

8

7

6

5

|

4

3

2 |

| Bottom 1
1
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TABLE 3-7
-

FUEL ASSEMBLY COMPONENT STRESSES AND LIMITS, LOCA

'

Allowable

Max. Direct Max. Bending A',lowable Max. Combined Stress

Component Stress Intensity Stress Intensity St'ess Limit Stress Intensity Intensity
(Ksi) (Ksi) (Ksi) (Ksi) (Ksi)

- +(a ,-_
_

Fuel Rod

i
Thimble

Sleeve

Insert __,

-

__

.
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Figure 3-22 0FA Grid Impact Force Responses
l Fuel Assa@ly No.1,
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Figum 3-23 Optimized Fuel Assedly Grid No. 4 Impact Force Pesponses
Between Peripheral Assedlies and Baffle Pla:e
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Figure 3-24 Fuel Assenbly 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 (2) j

with appropriate changes for 17x17 0FA mechanical properties. The tcp
and bottom nozzles are represented by the one dimensional spring
elements 1-3 and 19-23, respectively. The one-dimensional' spring
elements shown between nodal points 3 and 19 inclusively represent the

total (24) thimble stiffness. 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 eierants 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, dependiqg on
the mechanical response desired, can be chosen as a single or ovuble
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. The 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:

.

ri For the thimble elements

NAE
ki=L j

where

Lj = 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

,

4806A
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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).

All the 'uel rods at each grid elevation slip as a unit when the-

force exceeds the total drag force of all the rods per grid.

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 operating
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 limit. The fuel rod slippage

occurs initially at the exterior grid elevations (i.e., the grids

adjacent to the nozzles) rad continues, successively, toward the fuel .
assembly interior grir 'scations for increasing axial loads.

3.4.2.2 Dynamic Analysis

During a blowdown accident, tF.e hydraulic forces produced by a main
coolant pipe rupture cause the fuel assemblies to t'ranslate vertically

3-55
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and impact with the upper and lower core plates 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 a rigid constraint. The
prwy objective of the study was to simulate analytically the external
forces generated by an axial impact and to determin.e 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 irrpact 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 = 0 4K @n

where:

Kn = bottom nozzle stiffness
Mf = 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 assemoly 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 [

j 4806A 3-57

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



]* inch. These drop heights were chosen so as to 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 ofirestitution.
The tested fuel assembly 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
coerficients 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

[ ]+ resulted in the (a,c)

largest fuel assembly impact force and, therefore, was used as a conser-
vative value to assess the fuel assembly components stresses.

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

4806A 3-58
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TABLE 3-8

FUEL ASSEMBLY IMPACT FORCES FOR VARIOUS BREAK LOCATIONS

Vertical Vertical
Break Break Impact Forces Impact Forces

2
Case Location Size (in ) Soft Support (lb) Stiff Support (lb)

+(a,c
1

2

3

|

|

|

|

t
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Figure 3-26 Inpact Force at Bottom Nozzle

.
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Figum 3-27 Holddown Spring 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 [ ]+ lbs. are pre- (a,c)
sented in Table 3-9. The maximum component stresses obtained from the

limiting cases are presented in Table 3-10.

3.5 SUPNARY AND CONCLUSION

The analytical results of the faulted condition evaluation are briefly
sumarized 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 inode!. The reactor core was
evaluated using a discrete ma.ss 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 [ -]+ (a,c)

percent of the allowable grid load strength. The fuel assembly maximum
deflection response was [ ]+ inches, resulting in fuel rod and (a c)
thimble stresses well below the establishei allowable values. -

Based on the maximum responses obtained from the seismic analys,is, com-

ponent buckling strength, and allowable stress values, it is concluded
that the 17x17 8-grid optirsized 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).

3-62
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TABLE 3-9 !

.

FUEL R00 AND THIMBLE BLOWDOWN FORCES AND STRESSES

[ ]* (a,c)
1

Thimble Fuel Tube

Load / Direct Load / Direct
Location Thimble (lbs) Stress (ksi) Tube (lbs) Stress (ksi)

*
1st span (bottom)

2nd span

3rd span

4th span

5th span

6th span

7th span

'

| 8th span
l
1

9th span (top)
-

OInserts
** Sleeve

;
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i
' TABLE 3-10

FUEL ASSEMBLY COMPONENT BLOWOOWN STRESS AND LIMITS (KSI)
'

:

1 Allowable
1

Max. Uniform Allowable Stress Combined Stress Stress Limits
,

! Component Stress Intensity Limit (P , P ) e, + o8 (PM+P,P)B tg t

, ___ +(a.c)
Thimble

:
;

! Fuel Rod
i

; )[ Inserts
em

i

Top Sleeves

,!

3
Top Nozzle Plate

:

I

| Bottom Nozzle Plate
. ---

!
;
i

i [ ] (a,c)
+

i

1

;
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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 asyurnetric transient, the finite element model
representation of a full core was analyzed usinr, the time history
method. The most limiting break was identified as the [

]+ break based on a series of fuel assembly responses. (a c)

The maximum fuel assembly relative deflection was approximately
(a,c)

[ ]+ 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 [ ]+per- (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 experimentally determined grid crush strength at

600*F. It is concluded that the 17x17 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 BLOWOOWN ANALYSIS

I

| 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

i.npact forces were obtained for each of the three aforementionc' oipe
locations to determine the limiting breaks.

i

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

]+ in a four loop plant would result in a maximum impact force, in (a,c)
this case an impact load, of [ ]* lbs at the bottom nozzle legs of (a,c)
the fuel assembly. The maximum fuel assembly component stresses corre-

| sponoing to the maximum impact force indicated that they are well below

| the allowable stress values established for faulted condition loads.
|

4806A 3-65
f

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



_

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 weaneenenavisen
Electric Corporation Divisions so,233

PinsturgnPennsylvania13230

September 17, 1980

NS-TMA-2310
.

Mr. James R. Miller, Chief
Special ?rojects Branch
Div bion of Project Management
U.S. Nuclear Regulatory Comission
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 comitment made via
| telephone conversation of April 16, 1980 with the Staff's Mr. G.

Alberthal to supply the necessary documentation to verify the generall

finite element computer code WEGAP, which was used in the supportingr

I analysis to WCAP 9401, Section 3.0 to calculate the dynamic structural
| response of the reactor core.

It is Westinghouse's understanding that submittal of this appendix will
not adversely impact the NRC's review schedule for WCAP 9401.

Once WCAP 9401/9402 receives NRC approval, Westinghouse plans to -

" incorporate this appendix into the approved, or "A" versions of this
topical report.

D-1
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This submittal contains proprietary infonnation 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 on application for withholding from public disclosure and an
affidavit. The affidavit sets forth the t' asis on which the information
may be withheld from public disclosure by the Commission.

f.
Correspondence with respect to the affidavit or application for
withholding should reference AW-80-58, and should be addressed to
R. A. Wiesemann, Manager of Regulatory and Legislative Affairs,
Westinghouse Electric Corporation, P.O. Box 355, Pittsburgh,
Pennsylvania 15230

Ver ly your

? ?r ,
__

T. M. Anderson, Manager
Nuclear Safety Department

.

%
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Westinghause Water Reactor wear reegy av'sen
Electric Corporation DMslons sen33

PittscurgnPennsylvania15230

September 18, 1980
AW-80-58

Mr. James R. Miller, Chief
Special Projects Branch
Division of Project Management
U. S. Nuclear Regulatory Comission
Phillips Building
7920 Norfolk Avenue
Bethesda, Maryland 20014

APPLICATION FOR WITHHOLDING

INFORMATION FROM PUBLIC DISCLOSURE

SUBJECT: WCAP-9401, " 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 procrietary 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,

M,

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

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

E-1
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Westinghause Water Reactor

|
Electric Corporation Olvisions

March 21, 1978
AW-78-23

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

-

'

Division of Project Management
Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Comission-

Washington, D.C. 20'555

APPLICATION FOR WI7 HOLDING PROPRIETARY

INFORMATION FROM PUBLIC DISCLOSURE

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

REF: Westinghouse Letter No. NS-CE-1729, Eicheldinger to Stol'z,'

dated March 21, 1978

Dear Mr. Stolz:
I

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

'

The undersigned has revie'ed the infomation sought to be withheld and
is authorized to apply fo. its withholding on behalf of Wastinghouse.
WRD, notification of whici. was sent to the Secretary of the Comission
on April 19, 1976.

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

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

t

.
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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,

9 so as s,n~d
--*

., e
Robert A. Wiesemann, Manager
Licensing Programs

.

cc: J. A. Cooke, Esq. .

Office of the Executive Legal Director
.

/rd

enclosure
;

-
.

* e e

e

e
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e
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-
.

AFFIDAVIT

C0ffl0NWEALTH OF PENNSYLYANIA:

ss .

COUNTY OF ALLEGHENY:-

..
-.

B6 fore me, the undersigned authority, personally appeared

Robert A. Wiesemann, wno, eing by me duly sworn according to law,

d3 poses and says that he is authorized to execute this. Affidavit on
behalf of Westinghouse Electric Corporation (" Westinghouse") and that

the avements of fact set forth in this Affidavit are true and correct
to the best of his knowledge, infomation, and belief:

*

.

// //&R
Robert A. Wiesemann, Manager-

Lkensing Programs
.

. . .

Sworn to and subscribed

| before,me this j o day -

ef /24 & I 1978.

!)

/ &W kk%''

/ . Natary Public
, i=2 -

,
,

' =
t

i :a t. , .:. 3
.
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AW-78-23-

1

(1) I am Manager, Licensing Programs, in the Pressurized Water Reactor |

Systems Division, of Westinghouse Elec'tric Corporation and as such,' )
,

II have been specifically delegated the function of reviewing the
proprietary information sought to be withheld fran 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.-

(2) 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.

(3) I have personal knowledge of the criteria and procedures utilized
by Westinghouse Nuclear Energy Systems in designating infomation
as a trade secret, privileged or as confidential comercial or
financial infomation.

(4) 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 whether the-

information sought to be withheld from public disclosure should

be withheld.

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

(ii) The information is of a type customarily held in confidence
by Westinghouse and not customarily disclosed to the public.
Westinghouse has a rational basis for detennining the types
of information customarily held in confidence by it and, in
that connection, utilizes a system to determine when and

F-4
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AW-78-23
.

,

whether to hold certain types of infomation in confidence.
The application of that system and the substance of that
system constitutes Westinghouse policy and provides the
rational basis required.

Criteria and StandJrds Utilized

In determining whether infomation in a document or report is'

-

proprietary, the following criteria and standards are utilf red
by Westinghouse. Infomation is' proprietary if any one of the
following are met:

(a) The infomation 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 constitutas
a competitive economic advantage over other companies. ,

.

(b) It consists of supporting data, including test data,
relative to a process (or component, structure, tom
method, etc.), the application of whict data secures a

- competitive economic advantage, e.g., by op~timization 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 infomation, production capacities,
budget levels, or comercial strategies of Westinghouse,

;
l its customers or suppliers. -

|
t .
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. .

(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.

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

,

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

(v) The proprietary information sought to be withheld in this
submittal are the copies of slides utilized by, Westinghouse in
its presentation to the NRC at the March 21, 1978 meeting

,

cor.cerning the Westinghouse optimized fuel assembly. The
letter and the copies of slides are being submitted in pre-
liminary form to the Comnission 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 design, the
comparison of the improved design with the standard design,
the nature of the test's conducted, the test conditions, the
test results and the conclusions of the testing program,

F-6
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AW-78-23.

..

all of which is recognized by the Staff to be of competitive
value and because 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.
'

l 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
Westingnouse because: -

(a) Information resulting from its developme'nt programs gives
Westinghouse a competitive advantage over its competitors.
It is, therefore, withheld from disclosure to protect the
Westinghouse competitive positim!.

|

(b) It is information which is marketable in many ways. The
extent to which such information is available to compet-
itors diminishes the Westinghouse ability to sell products
and servicis involving the use of.the inf'ormation.

.

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

|

(d) Each compoi.ent 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.

F-7
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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 design.

Further the deponent sayeth not.
.

O

e

|
*

-

.

:

.
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WESTINGHOUSE PROP'tiETAR(CLASS 3

Appendix A

to
WCAP 9401/9402, " Verification Testing

and Analyses of the Westinghouse
17x17 Optimized Fuel Assembly"1

WEGAP VERIFICAT* .d WITH THE

IJSNRC SAMPLE PROBLEMS

.

.

|

|

|

|
|
,

Westinghouse Electric Corporation
Niiclear Energy Systens

P.O. Box 255

Pittsbut gh, Pennsylvania 15220
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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
fIatures 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
fomulation, computational procedures, and the verification of various types of
benchmark problems have been extensively discussed in the Westinphouse 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 dynamic responses.

A specific Westinohouse comouter code for core dynamic response analysis-WEGAP

The WEGAP computer program is a specialized finite element computer
program d,esigned 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 appruach of reformulating
tha structural stiffness matrix at each successive time step. An iterative

i

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.

|
Thn computer program also utilizes the individual fuel assembly properties throughout

i the analysis to reduce the computer core storage requirements.

1

~
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These improvements in the method of solution and computation procedure enable us
to obtain the dynamic response solution for a reactor core subjected to asymmetric
boundary conditions.with very afficient numerical techniques.

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

+(a.c)
g-

.

i

-

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 period is
needed to assure solution convergence. Figure 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 1 A.

G-4
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Fuel assembly dynamic response for a hypothetical reactor core problem

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
th2 analytical capability. The dynamic response solutions to the sample problems
using the Westinghouse general purpose finite element, WECAN,were documented in

Reference 2.

!tatgggg!_g[_gagglg_Pgblggst

Tha 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. .ns motions for the lower core plate indicate a 0.006 see time

delay in reference to the upper core plate.

The simplified reactor core cross-section is illustrated in Figure 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,
r:spectively. 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.

$sgggpiggs,ag(,6nglyt!cgl_[gjg}{gg.

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

1. The non-linear fuel assembly stiffness characteristics as illustrated in
Figure 3 were not incorporated into the fuel assembly model (Ficure 5).

- +( a ,--

2.

-
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3. The lumped mass-spring system was used to simulate the fuel assembly dynamic

characteristics.

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

Figure 5 was constructed using the discretc mass distribution, the first five
fundamental resonant frequencies together with their mode shapes, and the

orthogonality reistianship among ncrmalized mode shapes. This simplified
fuel assembly finite element model preserves essentially all the fuel
assembly important dynamic characteristics. The listing of the finite element
model corresponding to the damping assumption (A) is given in Table 2. It

should be noted 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 model was represer.ced 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 upper

| core plate and lower core plate.
|

|

Mlnical_gmits

An analytical evaluation of the core model given in Table 3 was performed using
the forcing function designated as case 2 in Table 1. The results of the grid

maximum force and time of mid-grid impact are summarized in Tables 4 through 6.
Table 4 presents the grid 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 purpo~se of comparison.

| The transient responses obtained from the WEGAP core model compare extremely well

| G-6
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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 lbs.

The NEGAP 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 aici

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 dotted 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. i

.

.

A second analysis was performed using the forcing function designated as Case 2B
as 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 lb.
would indicate that the bi-linear elastic feature of the grid model was utilized.

:

CONCLUSIONS

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

1. 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 differences in tne peak responses are well within
1%.

G-7
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2. The numerical techniques used in the WEGAP Code requires mass values at

all nodal point locations. Consequently, some small differences in
impact force prr21:tions between the WECAN and WEGAP Codes are inherent

due to the meseling differences. However, for severe dynamic transients,
the analytf.al responses predicted by the two codes become insignificant.

,
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TABLE 1

|
FORCING RNCfl0NS

.

CASE f@CING FUNCTIM ;

!

! 1. X( )=0.5 SIN 18.85I k (0) = 9A25 IN/SEC
i. u-

! x,ct>= x :f)
u

,P 2. X (I) = A (1.0 SIN 20.0 +0'.5 SIN 100.0I
~

u

I -0.1296 SIN 50.0I) f 20
:

X (I) = 0 f<0~

u

x,cf>=x/t-^t) a t = 0.006 Au. f .

!,

; (A) A=1/20

I (B) A = 1/5;

.

4

1

:
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TABLE 2 FUEL ASSENLY MODEL _ (a.c)+
-

.

-*

e

.

IMPACT PROPERTIES

PeoPERiv $ET No. 1

!MPACT.(L GAP STIF 1 OAPP 1 Frax $7!F 2 carp 2

5 .60C00E-01 .250c0E+06 220.00 2500.0 83300. 220.CC

4 .40U00E-01 .25000E*06 220.C0 2500.0 83300. 220.00

3 .60000E-01 .25000E+06 220.00 2500.0 83300. 220.00

2 .60000E-01 .250COE+06 220.00 2500.0 83300. 220.C0

1 .60000E-01 .25000E*06 220.00 2500.0 23300. 220.C0

PACPERiv SET No. 2

1 ppa (f EL GAP $71F 1 OAMP 1 FMAx $71F 2 SAMP 2

5 .30000E-01 .25000E+06 220.00 2500.0 83300. 220.00

6 .30000E-01 .2500CE+06 220.0C 2500.0 83300. 220.0C

i 3 .3000'E-01 .25000f*06 220.00 2500.0 63100. 22. 20
J

2 . 3 000*J E -01 .25000E+06 220.00 2500.0 83300. 220.2C

1 .30000E-01 .25000E+06 220.00 2500.0 833C0. 220.00

G-10
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TABLE 3 CORE MODEL

.

......... .........................
8AFFLE Ng4R(s) (jN(AR [Nf(R,

....................................

IMPACT PROPERTY $ET 1

....................................
MODEL 1 *

A$3EF9LT 1 *

....................................

IMPACT PROPERTY SET 2

....................................
* MODEL 1 *

ASSEM6LY 2
....................................

IMPA(T PROPERTY SET 2

....................................
MODEL 1 *

ASSEFebv 3 *

.................................. .
e

IMPACT PROPERTY SET 2

.............g......................
MODEL 1 *

ASSEF3LT 4 *

.....................................

.

IMPACT PROPERTT SET 2

a.....,..............................
MODEL 1 *

ASSEMett 5 *

....................................

IMPACT PROPERTY 3ET 1

* ....................................
SAFFLE

.................. ...............

G-11
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TABLE 5

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

Max. Grid Load, Lbs

F/A
4 f3)Position Grid #1 Grid #2 Grid #3 Grid #4 Grid #5 Sec.

61 545 569 4 61 117 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
0 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-B (-) (386) (560) (525) (93) (0.4230)

F/A Damping: [
~

**'

Value in Parenthesis: 22% damping (1st mode) ,~10% High Modes

* Maxiumum Grid Force

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _
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TABLE 6
|

'

} i

1 WEGAP VERSUS WECAN GRID IMPACT FORCE - CASE 28 0.5 SEC RESPONSE
*

s

l

{ Max. Grid Lead, Lbs. Time

('.#}Po ion Sec
} Grid #5 Grid #4 Grid #3 Grid #2 Grid #1
a

i 2044 2405 1921 2722 2170 0.1433

i B-1 (2020) (2417) .(1922) -(2712) (2290) (0.1435).

i
i,

1315 1693 1402 2163 1561 0.1433
1-2 (950) (1720) (1399) (2150) (1550) (0.1435)j

I

! 20
i 7 51 1188 926 1499 1024 0.1433

2-3 (778) (1215) (922) , (1484) (1022) (0.1110)

,

j 1033 1713 1475 1728 1022 0.1090
| 3-4 (1030) (1703) (1467) (1720) (1446) (0.1090)

1682 2493 2101 2320 1587 0.1070
4-5. (1680) (2481) (2084) (2316) (1586) (0.1075)

t

2414 3171* 2847 2813 2362 0.1053
5-B (2407) (3167) (2845) (2803) (2407) (0.1050)#

i

:

! >

>

,

,w _ _ _ , , , ~ . - -- . _ _ _._ _ _ _ _ . . . _
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Postulated Event

1r

Excitation Provided to'

RPV Model

V

RPV Transient Response

V
'

-

Core Plate / Support Plate
and Baffle Transients '

1r

Substructure of
Deta:W Fuel '

WEGAP Analysis for
Assembly

,

Core Response

_
d

3r

Core Grid impact Loads & Fuel
Assembly Dynamic Response

ir

Evaluation of Core Structural
integrity

- Figure 1 Overall Analysis Process
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Ostinghouse Electric Corporation Power Systems msymmsomsm-

Box 355
PittsuurgnPemsytvana 15233

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 Comission
Washingtin, D.C. 20555

Dear Mr. Stolz:

Subject: Verification Testing and Anasyses - 17 x 17 Optimized Fuel
Assembly

WCAP-9401 (P)

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

To be p.vvided later are twenty (20) copies of a report "Verifkation Testing
and AnaP/n - 17 x 17 Optimi7ed Fuel Assembly" (WCAP-9402 Non-Proprietary).

The attached submittal is the partial result of die extensive testing and
development program which has been conducted during the development of the
improved fuel assembly design known as the Westinghouse Optimized Fuil
Assembly.

f

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
sumarized by letter NS-CE-1729, C. Eicheldinger to yourself.

The status of the testing and development program and the licensing program
were sumarized recently in letter NS-TMA-2022, T. M. Anderson to yourself.

The attached report is submitted to document the testing program and results
. the improved design. This report contains three sections. Section 1'

contains infonnation concerning the hydraulic flow tests and results of
fuel rod wear measurements. Section 2 sumarizes 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
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; 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 part'cular
transient the 17 x 17 optimized fuel assembly is expected to respond in a |
manner similar to the stan/ard 17 x 17 fuel assembly, and the results are
expected to give similarly acceptable results.

This submittal is oackground technical information for a ftture submittal,
WCAP-9500 " Reference Core Report - 17 x 17 Optimiced Fuel Assembly", to be
submitted to you in June, 1979. Review and appre tal of both topical reports
is needed no later than the third quarter of 198( so as to minimize impact
on individual plant dockets.

1

This submittal is forwarded in advance of WCAP-9500 in order for you to connence
your review of the improved feel assembly design in a timely manner.

We are atailable to answer any questions or concerns you may have on this
subject.

Also 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
Co 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 ~ard an affidavit. The
affidavit sets forth the basis on which the information may be withheld from
public disclosure by the Commission.

i

Correspondence with respect to the affidavit or application for withholding
should reference AW-79-13 and shoult. be addressed to R. A. Wiesemann, Manager
of Regulatory and Legislative Affairs, Westinghouse Electric Corporation,
P. O. Box 355, Pittsburgh, PA 15230.

Very truly yours,

s
-

,

T. M. Anderson, Manager
Nuclear Safety Department

Enclosure

/

H-2
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Westinghouse Water Reactor sucmar reenneienainsion

Electric Corporation Olvisions se e s
Pitts:urgnPennsylvanta 15230

August 22, 1980~
NS-TMA-2293

Mr. James R. Miller, Chief
Special Projects Branch
Division of Project Management
U. S. Nuclear Regulatory Commission
Phillips Building
7920 Norfolk Avenue
Bsthesda, 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 responses to NRC Partial Question Set 1 on WCAP-
9401, " Verification Testing and Analyses of the Westinghouse 17xl7
Optimized Fuel f.ssembly" - WCAP-9401 (Proprietary)

2. Thirty-five (25) copies of responses to NRC Partial Question Set 1 on
WCAP-9402, " Verification Testing and Analyses of the Westinghouse
17x17 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)

The attached is in response to a set of questions on the subject topical
rsport sent to Westinghouse by the NRC via letter dated August 2,1980 from
J. R. 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
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Mr. James R. Miller -2- August 22, 1980
NS-TMA-2293

Correspondence with respect to the affidavit or application for withhole
ing should reference AW-80-49 and shouJd be addressed to R. A. Wiesemann,
Manager of Regulatory and Legislative Affairs, Westinghouse Electric
Corporation, P. O. Box 355, PittsbuYgh, Pennsylvania 15230.

Very uly yours,

_22 -

,

T. M. Anderson,. Manager
Nuclear Safety Department

/bek
Enclosures

.

1-2
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U'JITED STATCS* :.n nt e,,
fJUCLEAn nECULATOnY COMMISslOf4'

{n,

' WAmINGTON. D. C. 2c555' -
,..

D. '-[M,....'/. ,/- JUN 231980

....-

MEM0PANDU'i FOR: R. L. Tedesco, Assistant Director
for Licensing

Division of Licensing

FP.0M: L. S. Rubenstein, Assistant Director
for Core and Containment Systems

Division of Systems Integration

SUBJECT: PARTIAL FIRST ROUND QUESTION 5 ON WCAP-9401

Report Title: Verification Testing and Analyses of the
17x17 Optimized Fuel Assembly

Report fie:rber: WCAP-9401

Report Date: March 1979
Responsible 3 ranch: Standardization and Special Projects Branch

-and Project Mcnager: J. S. Berggren
Description of Review: Partial First' Round Questions

*

Pequested Completion Date: t!one
Review Status: Incomplete

We have reviewed a portion of the report described above and request that
you forward the at tached questions to Westinghouse so that this portion of
the revica may be completed. These questions cover the fuel assembly seismic
and LOCA analysis in revised 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 reviewed by the Corc Perfomar.ce Branch Fuels
Section and Thermal Hydraulics Section, respectively, and Ql's will be forth-
coming as manpower pemits.

. Cr
2.9/[td:so S Q.
L. S. Rubenstein, Assistant Director

for Core and Containment Systems
Division of Systems Integration

Attachment:
Questions

cc ./ attachment:
D. Eisenhut W. Johnsten
D. P.oss J. Berggren

-d. R. Miller R. O. Meyer
-

,

J-l

.
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Response to

PARTIAL QUESTION SET 1

WCAP-9401 " 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 and discuss vertical seismic loads on the Optimized
Fuel Asserbly.

Response

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 too nozzle holddown spring
and bottom nozzle are approximately [ ]+ and [ ] of that of a vertical (a,c)
LOCA, respectively; or 21 % and 9 % of the allowable respectively.

2. Please include a fatigue assessment, or reference documents which assess
the 17x17 0FA 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
life of a fuel assembly, but are postulated to assure design conservatism.
The plant would not be expected to return 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.

Resconse

The beam-column coupling effect in modeling is generally used for large
deflection or deformation analysis. For the present type of structural
analysis large deflections do not occur. The directions may be decouoled
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 perpendicular 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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|

Resocnse -

Tha effect of lateral stiffr$ess variations was considered in the evaluations
by parametric variations on lateral stiffness. Only the worst case response
was presented in the topical report. The RPV support stiff.1 esses would in-
fluence the dynamic response of the core plate motions. As a resul t, the
maximum grid load is also affected by the support stiffness variation. There
is no direct relationship between the grid load and support stiffness due
to the geometrical non-linearity in the eve model and frequency contents in
the transient forcing function.

Tho 0FA core responses indicated that the tertical 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 t2 a soft support stiffness for a RPV model is
approximately [ ]+ (a,c)

5. On page 3-26 it is stated that the spring stiffnesses were adjusted to
include water mass. It is not clear what amount of adjustment was made
or hcw this will affect the results. Provide a discussien of hcw the.

adjustment was made and include references. Include applicable experi-
mental data (if taken) to support the adjust.ient of spring stiffness.

_Respcnse

The adjustment for the fuel assembly submerged in water and at reactor operating
conditiens was accomplished in the detailed fuel assedly finite element model
(RM). The material properties and the connective mass correction at operating
temcerature were introduced in the input of the EM in order to have both the
connective mass and temperature effects. The experimental data indicates that
tha lcwest fuel assembly fundamental frequency in water is approximately
[ ]' lower than irt air. (b,c:

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

Parametric studies have indicated that the grid impact for es are relatively
insensitive to the fuel assembly frequency changes caused by water.

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

Res cons e
|

Tha in-grid stiffness was not used in the core model, thus there was no experi-
mental tests performed in this regard. The experimentally obtained thru-grid
4tiffness at operating tamoerature is given on page 3-26 of the topical recort
The in-grid stiffness value is determined from analytical correlatiens with i

| fuel assembly lateral impact tests. |
| |

| J-3
|

|
|
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Even though no semanent deformation .is predicted in this analysis (with7.
SRSS comoination and 1.3 Factor on LOCA), the crushing behavior is of

Please include a picture of a crushed grid and discuss howinte res t.
the grid can fail in the innermost rows without disturbing the relative
positioning of guide thimbles.

Response

The typical mode of failure for the Westinghouse tircaloy (OFA) grid is ,a
[ ]+ as seen in Figum 1. The distortion -(E. c)

is primarily due to the [ ]+. The (b,c)

control rod thimble diarreter is not deformed. The relative control rod
position may be displaced slightly. However, there would be no significant
effect on control rod movement due to the sifficiently large clearance be-
tween the control red and the guide thimole, and the structural flexibility
of control rods. Also, the maximum grid loads under SSE and LOCA transients
always occur [ (a c)]+

The heat treatment given to fuel components can significantly affect their8.
lifetime performance. Please describe the final state of the ZircaloyOthergrid material including amount of cold work and type of annealing.
data desired are the initial spring loads 'and expected relaxation. Please
discuss the effect of grid spring relaxation on fuel bundle stiffness
and pmvide the estimated fuel bundle stiffness at Beginning-of-Life and
End-of-Life.

Resconse

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 a relatively low
temperature annealing process (about [ ]+ for approximately [ ]+ hours) (a,c)
to miieve the stresses due to forming.

The initial spring preload at the beginning-of-life (BOL) hot condition is
The loss of contact between the grid spring and fuel rod (a.c)

about [']+ lbs.
due to spring force relaxation is expected to occur at approximately [ ]+ (a c)

EFPH. [
[ (a,c)

What are the yield strength and ultimate strength that the allowable9.
stresses ara based on? What temperature do these values correspond to?

-

Response

Equations describing the Zircaloy-4 fuel cladding and thirriale tubing uniaxial
and biaxial strengths as a function of temperature for both unirradiated and
irradiated material are given on pages 2-8 thru 2-10 of WCAP 91 9, P.evision 1
" Properties of Fuel and Core Componenc Materials". The equations given for

J-4
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the yield strengths of the :himble tubing are apolicable to the Zircaloy
gri ds. Ultimate tensile strengths are not used in the design of the Zircaloy
components of the fuel assemoly.

For the Inconel-718 components of the fuel asse61y (i.e., the top an'd bottem -
grids) the values for the ultimate tensile strength and tensile yield strength
are given on pages 4-6 and 4-7 of WCAP 9179, Rev.1.

For the 304 type stainless steel components of the fuel assedly (i.e., the
top and bottom cozzles) the values for the ultimate strength and the yield
strength am 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 material strengths tend to increase under- .

irradiated conditions.

10. Guide tubes are constructed with flow holes and are subject to significant
wear where the control rods are parked. It appears that the values for
guide tube stresses were based on nominal dimensions r.nd did not include
the effects of wear or stress concentration around the flow holes.
Please account for these two effects on guide ttbe stresses.

Resoonse ,

The thimble areas which exhibit slight wear are not highly stressed by the
LOCA induced loads. Consequently, the thi21e wear effects are usually
evaluated for the handling condition which is mom limiting.

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

11. The axial nudel in Fig. 3-24 does not appear to have gap elements for
fuel assembly lift and impact with core plates. Cescribe how the axial
model predicts impacts.

Resconse

Although the gapped elements are not shown in the axial fuel assembly model,
there are [ ]+ gap elements for each group of fuel assecolies in the re- (a,c)
actor vessel model to simulate the possible fuel assesly liftoff and impact
with the core plates. [

|

|
'

p (a.c)

|

'J-6
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12. Comparisens between analytical models ano experimental results are im-
portant. Although the models 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 ccmpare experimental and
predicted stresses for both the lateral and vertical models.

Resconse
,

Tha comparisons between analytical models and experimental results, in general,
show excellent agreement with respect to the structural behavior under the
applied lead or oeflection. 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 on
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
c End nozzles
d) Guide and instrument tubes
e) Total fuel assembly and center of gravi'ty

Other measured quantities

a) Axial gap between fuel nozzles and upper core plate
b) Mode shapes (digital)
c) 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
c) Grid crush load (force) vs. velocity

Forcing Functions ,

i

a) Core plate motions for SSE (digital)
'

b) Core plate motions for LOCA (digital) |
,

.

J-7
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Resconse

Westinghouse has comitted, via telephone conversation on April 16, 1980
with the Staff's Mr. G. Alberthal and their consultant Mr. R. Grubb (EG&G),
ta 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.
Included in this documentation will be the results of the NRC's hypothetical
fuel assently problem analyzed with WEGAP. This submittal, scheduled for
August 1980, will satisfy the NRC's need to evaluate the adequacy of WEGAP
as a design code.

In addition, Westinghouse has performed an internal independent design veri-
fication of the WEGAP . code consistent with the requirements of 10CFR50
Appendix 8.

9 ,
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Uestinghouse Electric Corporation
ATTN: Mr. T. M. Anderson, Manager

Nuclear Safety Department
P. O. Box 355
Pittsburgh, Pennsylvania 15230

Cear Mr. Anderson:

SUBJECT: REQUEST NUMBER 3 FOR ADDITIONAL INFORMATION ON WCAP-9401

Ue are currently reviewing Westinghouse Electric Corporation report
UCAP-9401 entitled " Verification Testing and Analyses of -he 17 x 17
Optimized Fuel Assembly".

The continuing reviews of the fuel assembly seismic and LOCA analysis
of Section 3 of WCAP-9401 reveal the need for the additional inform-
ation indicated in the enclosure.

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

Sincerely,
.

| -Ek,'l.4cJ:

Robert L. Tedesco,' Assistant Director
,

for Licensing
Division of Licensing

Enclosures :
As stated

'

cc: Mr. Alex Ball
Westinghouse Electrical Corp.
Nuclear Safety Department
P. O. Box 355
Pittsburgh, Pennsylvania 15230
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February 13, 1981
NS-TMA-2384

Mr. James R. Miller, Chief Ref: NS-TMA-2293,
Special Projects Branch August 22, 1980
Division of Prc Sct Management
U. S. Nuclear Regulatory Comission
Phillips Building
7920 Norfolk Avenue
Bethesda, 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

D:ar Mr. Miller:

Enclosed are:

1. Twenty-five (25) copies of the proprietary responses to the NRC Request
Number 3 for additional infonnation on WCAP-9401 (Proprietary).

2. Twenty (20) copies of the non-proprietary responses to the NRC Request
Number 3 for additional information on WCAP-9401 (Non-Proprietary).

.

Also enclosed are:

1. 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.

L-l
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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-81-13 and should be addressed to R. A. Wiesemann,
Manager of Regulatory and Legislative Affairs, Westinghouse Electric
Corporation, P. O. Box 355, Pittsburgh, Pennsylvania 15230.

,

Very truly yours,

_ /- ; _

,

T. M. Anderson, Manager
Nuclear Safety Department

/bek

Enclosures

,
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QUESTION 1 Page 3-1;

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

.

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.

.

.
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QUESTION 2 Page 3-6 and; Q1 question 12

Comparisons between analytical mode. and experimental results are
important. Although the model has not changed, the experimental fit of
the model has. Supply quantitative comparable experimental and analyti-
cal stress-strain results and a wt: Tor comparison of these results.

i

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.

.
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0

0
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QUESTION 3 Page 3-6;

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

RESPONSE

The lateral fuel assembly finite element model has been experimentally
verified for the Westinghouse 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 one instrumentation thimble, is rep-
resented by a pair of 20-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 moceled by two vertical beams. Since the fuel
roo lateral deflections are independent of positions within the
array, the swanation 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 lift-off within a grid. The functional ele-
ments were also used to model the axial fuel rod drag force in the
grid cell.

L-6

0222F

- - . .. - - - - - .



. _ _ - -.

-,

|

The side dimples 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 element.

The legend for Fig 3-4 is

g slider
'

+ frictional element
c : 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.
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QUESTION 4 Page 3-8;

i

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 17xl'/ OFA is shown in Fig Q4.1.

-

:

.

e
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WESTION 5

[ J+1s important in predicting core plate motion. Pro- S,9
vide additional detail showing how this effect was implemented and what analytical-
experimental justification exists for its use. Supply this infomation for both
the lateral and vertical implementation.

RESPONSE
-

[ ]+ is included for LOCA evaluation.in the MULTIFLEX (*4
themal hydraulic computer code. MULTIFLEX documentation is provided by

Reference 5 of WCAP-9401.

For seismic evaluation, [ ]* representation was included ("A

i,n the reactor vessel structural model to more accurately represent the reacto'r
vessel structural dynamics in a.[ ]ITheoutputsoftheseismic (a,c)

analysis of the reactor vessai model are lateral core plate motions and fuel
assembly vertical nozzle loads.

- , ("A-
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TABLE A

COMPARISCH OF VERITICAL MODEL RESULTS WITH EXPERIMENTAL DATA
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Figure 3-7(b) Reactor Core Barrel Model
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QUESTION 6 Page 3-19;

Only one spectra is shown in Figure 3-1. Refer to questf9n 1.

RESPONSE

The response spectrum curve given 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
capa bility. For plant designs which could exceed the given spectrum,

,

specific analysis using the plant spectrum may be required.

.
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QUESTION 7 Page 3-20 and; Q1 question 5

The response to Question Set 1 question 5 and the coment 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-
mental fuel assembly vibrational frequer:cy. The answer to Question 5 of
Q1 suggested that the added water mass tends to lower the fuel assembly
fundamental frequency slightly.

.

$

.
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QUESTION 8 Page 3-20;

Justify that [ ]# is a reasonable way to judge the a,c
worst case fuel system loading considering the fuel system response is

nonlinear. Which [ ] cases produced the largest a,c

impact forces and peak fuel assembly displacements in the system model?
Do these cases correspond to the [ ] case chosen? a,c

RESPONSE

Seismic analyses using a number of different seismic waves have indi-

cated that the[

]. The selected worst case. wave corresponded to the[ a,c

]fystem. The fuel assembly grid maximum impact a,c
forces obtained from the Reactor Internals models generally occurred for
the same input waves selected using the response' spectra method.

The time history oesignated 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. generated for the remaining six seismic

'

waves in the [
]* a,c

i

2

o
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QUESTION 9 Page 3-21;

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

,

RESPONSE

Reference 6 of WCAP 9401 specifies the standard break opening times used
in Westinghouse LOCA analyses as instcntaneous, [ ]+ millisecond. a,c

This break opening time was the analytical basis used in WCAP 9401 which'

has been the NRC's accepted analytical basis.

4

!

I

t
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QUESTION 10 Page 3-26;

What maximum percent error from the experimental values is associated
with each analytical mode shape and analytical frequency?

5' :

RESPONSE
$

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

dure [

]IThenatural a,c

frequencies for the lumped mass model was based on experimental and

finite element data with some minor adjustments to reflect operating con-

ditions.
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1 QUESi!ON 11 Page 3-26;

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

I

1

RESPONSE

|
Yes.
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QUESTION 12 Page 3-26 and; Q1, Question 6

The response given to Question Set I question 6 is somewhat confusing.
The core region model presented 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-grid stiffnesses as defined by the NRC are asso-
ciated with the method of grid impact testing. The in-gria dynamic
stiffness is normally determined frnm tests in which a weighted grid is
given an initial velocity and is impacted against a rigid or grid
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, K and C which repre-

3 3

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 assemdly lateral impact properties such as impact duration,
impact force, and rebound, together with the fuel assembly finite
element model, were used to obtain K and C values.

3 s
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QUESTION 13 Page 3-26 and;

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

a. test data supporting the in-grid stiffness and damping 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 discussing the above test data, discuss the velocities used in the
impact test relative to those calculated analytically from the core
region response. Discuss static and dynamic test values.

'

RESPONSE a.

The local grid flexibility (or in-grid stiffness damping values) K 3

and C are derived from the fuel assembly lateral impact tests. The
3

fuel assembly lateral impact test arrangement is shown in Fig. Q13.1.
The impact duration obtained from these tests was approximately

[ 3*sec. A correlation analysis was performed using the lumped b,c

mass-spring analytical model to verify the model by comparing the grid
impact facces. These results are given in Table Q13.1.
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TABLE Q13.1

COMPARISON BETWEEN FEM AND FA LATERAL IMPACT RESULTS
![ ]+in.) b,c(Total Initial ' Deflection =

4

i

FEM Test +
- . .

Time Duration (sec.)

Rebound (in.) b,c

Max. Impact

Force (1b)
-

.

4

\

>
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RESPONSE b.

The average dynamic through-grid stiffness for the zirc grids tested at
[ ]*h using the impact duration method was [ ]*lb/in. b,c

This value was determined using energy methods in conjunction with the
experime'ntally determined average impact duration of [ ]+secobtained b,c

from the six test samples.

RESPONSE c.

The grid impact force as a funct',on 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 [ ]+1bs with a standard deviat' ion of [ ]+1b s , b,c

The lower bound 95 percent confidence li.:it for the true mean crush
strength using a one-tailed statistical analysis for the six samples is

[ ] Tbs. b,c

The relative fuel assembly velocity 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 spproximately

[ ]+1n/sec, which is consistent with the testing impact velocity. b,c

.
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QUESTION 14 Page 3-55;

When presenting the above test data, discuss the velocities used in the
impact test relative to those calculated analytically from the core
region response. Discuss 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 dynainic
response of the fuel assembly and resulting critical stresses.

RESPONSE

The average drag force required to cause fuel rod sliding at begin-
ning-of-life (80L) measured from the demonstration fuel assemblies was

[ ]*lb. The grid spring force in the zircaloy grid cell is pro- b,c

jected to be fully relaxed at end-of-life (E0L) with the drag force
estimated to be approximately [ ]* lbs. b,c

The fuel assembly axial impact tests simulated the E0L condition and
were performed with the internal grid cells pregapped. The test results
indicated that the fuel assembly impact force did not exceed [ ]* b,c
ibsatadropheightupto[ ]+ inches. The impact force was well b,c
below that obtained for a typical BOL fuel assembly, since the sliding
of.the fuel rod tends to mitigate the fuel assembly axial impact
forces. Thus the BOL fuel assemely properties at temperature were
iricarporated in the reactor internal model for calculating the axial
impact responses.

.
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OUESTION 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?

RESPONSE

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
location and in the same direction as the applied load.

-
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QUESTION 16 Page 3-57;

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

RESPONSE

A( b,c

]Tvas 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.

.

.

o
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QuIstion 17: Safe-Shutduwn Earthquake (SSE) lateral core plate motions

dre presented in Figure 3-8, followed by lateral LOCA core

plate motions in Figure 3-19. Supply similar informatiora

for the vertical applied loads (preferably in the form of

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

R:;sponse: Figures 17-T through 17-5 represent the vertical forces

which were applied to the RPV structural model at the

core plates and fuel assemblies. These forces correspond

tothe[ t

.+
(a.c)

,

t

I
I

e

s

I
l

|

|
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Figure 17-1. Total Vertical Force on lipper Core Plate
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Figure 17-2. Total Vertical Force on Top Fuel t!azzle
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Figure 17-3. Total Vertical Force on Fuel Assembly C.G.
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Figure 17-4. Total Vertical Force on Bottom Fuel Nozzle
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QUESTION 18 Table 3-7;

The maximum direct stress intenstty for the guide thimble does not agree
with the value presented in Tab' 3-6. Explai n. .

RESPONSE

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

should read [ ]+ instead of [ ]+ which was a typographical a,c
error.

.

j
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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 j

assessment been performed for the optimized fuel assembly? If so,
enclose the results. If not, why 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 by
the combination of axial and lateral deflections did not significantly
alter the stress distribution. The test results as reported in Ret. I
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 assemoly 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 additional
information:

.

a. Masses

1. Fuel rod
2. Spacer grid

3. End nozzles

4. Guide and instrument tubes
5. Fuel column
6. Total fuel assembly and center of gravity

b. Other measured quantities

1. Axial gap between fuel nozzles and upper core plate

2. Axial hold down spring stiffness and preload.

.

RESPONSE a.
,

The dry weight distribution for the Optimized Fuel Assembly componentsc
i .

are tabulated below:'

|
- +

!
.

a,b,c- .

i

!

.
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.

The center of gravity of the fuel assembly is approximately located at
the geometrical center.

RESPONSE b.

1. The axial gap between the top fuel nozzle and upper core plate =

[ ]*in, a,c

2. Axial holddown spring stiffness = [ ]+lb/in. b,c
. Axial holddown spring preload = [ ]*lb. b,c

!

.
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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-

dIntly and the re - were/not combined. The fuel assembly component stresses'

were obtained from se maximum fuel assembly relative deflection. Since the

I fual assembly is displacement limited by the maximum accumulated gap clearances
plus the grid defomations, the fuel assembly stresses presented in the report
are basically a limit case.

Westinghouse has demonstrated that a simultaneous SSE and LOCA event is highly
unlikely. The fatigue cycles, crack initiation and crack growth due to
nomal operating and seismic events will not realistically lead to a pipe
rupture (*). The factor applied to the LOCA grid impact load due to flashing
is considered unrealistic since the themal/ hydraulic conditions for flashingI

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

i

limits, as sumarized below.
_

Tha fuel assembly component stresses under the combined SSE/LOCA transients

and the steady state operating l'oads (axial holddown spring preload and
differential pressure loading) are summarized in Table Q21.1.

Tha combined maximum grid load responses based on the square-root-of-sum-of-
squares is [ - ]+ lbs; and with the 1.3 factor on LOCA-load, the maximum (A,9

%9
( combined grid load is [ ]+lbs.
l

f

* WCAP-9283

.
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Table Q21.1

FUEL ASSEMBLY COMPONENT STRESSES AND LIMITS

(ksi)
..

+

a,C

1

4
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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 hindend. It should also be noted that the maximum grid
impact resF9nse, in general, occurmd at the peripheral fuel assemblies
which dr' 'ot contain control rod assemblies..

I
|

|

|-

!
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Question 21: Define the. cavity pressure. load. cases considered. Include- break
locations, areas and opening times considerea.

R:sponse: Prior to performing the analyses presented in WCAP 9401, 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! tion, 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 appTy have undergone US NRC licensing review.
No open items exist for the methods used in the calculation 'of the

'

cavity pressure Toads The effect of variatiorr in cavity design,

piant operating conditions and the distribution of appTied cavity
Toads on the reactor vessel are reflected in the transient variation
of the cavity Toads considired.

Three cases were selected with distinctly different transient variation
(Figures 23-T through 23-9). These cases were all based on a iA4
square inch reactor vesseT inlet nozzie break with a break opening
time of T millisecond. All three cases were ratioed so that the peak

horizontal load was [ ]I This value is representative of @A
the peak horizontar 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.

@MThe peak rcia impact loads were [

,
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i NUCLEAR REGULATORY COMMISSION35 k ,,c ,
.- a WASHINGTON. D. C. 20655
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Westinghouse Electric Corporation
ATTN: Mr. T. M. Anderson, Manager

Nuclear Safety Department
P. O. Rox 355
Pittsburgh, Pennsylvania 15230'

Dear Mr. Anderson:
I

SUBJECT: REQUEST NUMBER 4 FOR ADDITIONAL INFORMATION ON WCAP-9401

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

The continuing reviews of Sections 1 and 2 of WCAP-9401 reveal the need
for the additional information indicated in the enclosure.

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

Sincerely,

s t.v

Robert L. Tedesco, Assistant Director
for Licensing

Division of Licensing

Enclosure: As stated

cc: Jir. Alex BallWestinghouse Electrical Corp.
Nuclear Safety Department
P. O. Box 355
Pittsburgh, Pennsylvania 15230
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Westinghcusa Water Reactor Nue:earrecacgy civis:en

Electric Corporation Olvisions %
PittscurgnHnnsylvanta15230

March 2, 1981
NS-TMA-2400

'

i

: Mr. James R. Miller, Chief Ref: NS-TMA-2293,
Special Projects Branch August 22, 1980
Division of Project Management

,

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

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

'

0;ar Mr. Miller:

Enclosed are:

| 1. Twenty-five (25) copies of the proprietary responses to the NRC Request
| Number 4 for additional information on WCAP-9401 (Proprietary).

2. Twenty (20) cop 1es of the non-proprietary responses to the NRC Request
Number 4 for additional information on WCAP-9401 (Non-Proprietary).

Also enclosed are:

1. 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 confonnance with the requirements of 10CFR2.790, as amended,
of the Comission's regulations, we are enclosing with this submittal an
application for withholding from public disclosure and an affidavit. The
affidavit sets forth the basis on which the infonnation may be withheld from
public disclosure by the Comission.
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Mr. James R. Miller -2- March 2,1981
NS-TMA-2400

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 legislative Affairs, Westinghouse Electric , -

Corporation, P. O. Box 355, Pittsburgh, Pennsylvania 15230.

Very truly yours,

.

ij A ._

T. M. Anderson, Manager '

Nuclear Safety Department
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Inese runs 'aere eXC,iucac, because :ne final ca a recuction sncwec
critical heat fluxes nignar : nan expec;ec. Fce nis reason, testing was
interruptec so Inat the test sec-icn ccula be removec anc inspectec.

Tnis examination revealec :nat some of ne ccpper/nichei electrical
c;nnectors (wnicn attacn to the bo tom of the recs) nac suffarec partial

collapse, probaaly cue to :nermal sncc:< curing tne shut-cown follo.ving
ru n '.4 -212 3. Tne effect of tnis collapse woula nave been to loosen :ne
seals wnich separate tne mains ream from the electrical conne.:tcr cncm-
cer, wnicn is coolec by a separate I'.ew. This cooling water is a: aaout
:ne same pressure as the mainstream, but is several huncres cegrees
c;cler, nence a small leax tnrcugn ne saals woula te possicle inc coulic
lower tne mainstream entnalpy enougn to signif-icantij- rncesase :na Ida-
surec ChF. Inese f ailures Of One CcnnectOrs were Orc 0i;ly cui .0 a ^ew

cesign. $U:secuently, the tes: 5ecti0n was recuil using c0nnect0rs Of
.w ., - , .mi c 2 - ,s y. n a .,. ,, . 3. b '. . n .W G 3 , 0 3 a n i O,s . l .,.e ... .,f. .,,.n3 conb. s. o. 6s l Y,.I

..
a.) y . w .

-- , . . . .

ot), (y v.s

r . s. a a ,a, , . . s. .r . 2 ..q :. . 9- 4 . . . '. s. , .: s ' . l . . *. : . i . *. 3*
-

w . 0. G. s. r n , . . g 05:001
. 2. .- 2 * . .s . . .s ~w,; s.
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listec in Ta:' a 2-3. A c:m;cnent of variance analysis for tne CFA
3.,, ,rc. '.. 2. 6 c = *.1 s . . a. . '. - '. s. - c r. #. . r . . =. .-

'...,, ,,..,4_._,.2 . c. 3 3. ..
, .... s...eu . . . y .>jr ... . . . . .. . . . ... .....

to acccunt for variance due tc :na tifferer:t ge metry ty es. ,

.c. e .c o. n iLc -c. v.

In analyzing these cita to account for the variance due to different
gecmetry types the M/P value cetermined for eacn catum pcint was
consicera; as a rand a variabl= witn the sats of M/P valses cctained ,

for eacn test Deing considered as randem semples craun fr:m a p:pulation

of 'i/? values.

Figures I and 2 in response to questiCn 492.3 arc Figures 3 inc ; in
response to question 492.12 show that the R-grid data and each of the
CFA cata sets can be consicered as being normally cistricuted. To test
.snether the CFA data sets can be considered as being f rom tne same

poculation as the standarc R-gria data, the follcuing analyses were
cacried out:

'

i
-

1. Analysis of Means_ ,

A procacura described in ?.eference 1 .41s use: te determine 9- -

-

percent tcierance limits en the samole means cf the three dat2
' . . ' . = . - = a "w l . 'i n '; ' ' ' . ' . - .'.,...1.~- ".

':: .a . T ". . a. v a ' 'J a. s
-

2..' '- .. -

..
- .2.. .

.a.l.*.e.....,), l. s. ..
* h ,.

.e s ...j
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As is ir.dicated, the caserved mean |:/? values f all .vithin the.

'

.=1%Jl.'''.ad talerance limits, thus verif.yinc. that tne CFA cata ara--
.

compatible .vith the standard R-grid cata. ,

2. Ccmoarison of Variances

A test of ny;cthesis u:at the sampl's variances fcr the CFA data anc
standarc R-gric data are sample values from tne same ;c;ulation was
carriec cut using the .: cistribution. These results are given in the
f;110.eing tiole:

. . , . - 7
a .- ; 6 0 -

+

A qe, e e ye ,,g*e ,e . . .=*e
so*'./ . . r ." * I '' 'd a ..*

9 m * .
*

-e 9 - e ,- g 3

g v' ,' e .M '". a 1,s . 6 Ve e e** 1 1 * i e w .
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3 4..q. w.p . 4 .s 4 . . , *,2. . . r.*es......,.2 4.p. 4.. 3 .4... ..
. . ...w . . , ,..... ._,..;3..4 ... .....a. . .. . . . . . . . . . . . ...

na the variances Of :na ?.; ;.;ical cali anc s ancarc R ric cis- ,

eio.:icns are e;ual ..c;1c no- be rejec ec, ahereas a similar hy;c-h+3is
for :ne CFA thimole c111 cata woulc be rejec:ec at a 5 percen-
significance level.

.

In summary, the results cf the analyses given above confirm that the CFA
typical cell data can be considered as being from the same pcpulation as
the stancarc R-gric cata. The same cannot be said for the thimole cell
cata because of :ne significantly smalie scatter of the CFA ca a accu:

':ne mean as reflectec in the rel ' rely small stancarc caviation,
incicative of nigner quality cata. Since tna GFA tnimale ca a base nas
cean snown to exnici norma.ity anc the mean of tne Ca:a f all witr'n the

calcula ec tolerance limits, failure of the F-tes: :e ause of rela:itely

smaller variance should not be consicerec sufficient cause to reject use
'

of the CFA thimole cata, it is also of interest to note nat tne lici:

CN5R basec on the 0FA thimole cell cata as recuestec in cuestion 492.12
is 1.15 comparea to the cesign limit of 1.17.
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Tne a:Plicant sn:uic perf:rm F-tasts for eacn of the stan:ar: ge:ratrias
anc the total ca a ;;;ulation to support tna ' ypc!hasis thi Ona 0FAn

cata calcngs t0 tna total pupulation. Tnis snoulc be cone separa aly
.

for t';e CFA typical anc thimale cells. If it is cetermined tnat Ina OFA
cata coes not fit certain stancard cata pcpulations cr tne total pcpula-

tion, jt.stify using the stancarc cata as a basis for calculating the

OMER limits.

... c e. ::::. web-

.ina Clle'.v1ng statistical cata '.4ere usac in pirforming ,-ttsts:. .

r

- -

(b,c)-

li

I

_.

F-tasts wers carriac Out, lea ing t0 tr.2 f 0ll Jning results (at the 10

| ?arcant rajiction leval): e
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# e One !as! in T201E 2-1 an: 2-2, pr0li:e One inla- ass fl;w ra as,

..=.2 pa. .s .o. . p . .a . 3. c. . =. .- s]wms. = s f y. p a. s a~ 's' #.' C.v,' #. w^ r 2. 2 ". ". v' f *.. r.s. -....q=. > .
-- ,

v . ..

stanC3r: assam 3Ij testaC ' ncer s imilar COnciti0ns. Or071:2 1 Ciscussi:no

of any effects cue to incivicual pressure Cr:ps, waa paramatars affect
Onese pressure crops anc what uncertainties a e innerent in the.

calculations.

2.: <m .=-a..

Tne inist mass flow rates for the OFA are taculatec in Taoles 2-1 and
2-2. The inlet mass ficw valuas for tne mat:ning stancar: 1ssamoiy runs
are given in Tables A-5 anc A-18 of reference 3 of ..CA?-9a01, as notec

in '., CAP-9401 (footnote, bottom of page 2-7). Pressure crop c:es not

effect tne CHF ccmputations.
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c;aration anc curing anticipa ec transients.
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n:. .:, Ce ::..-
r i

.

Pressure crop, a?, is given by

2y
censi:vK ( :r. ,g*)cP wnere s == .

ficw vel: cityV =

component lossK =

coefficient

gravitation constantg -

.

It is well :<now tnat K can ce expresseo as a func-ion of Rejnolcs numoer
.

only, Inc :nat a plot of K vs Reyncics num.oer will te linear (in tha
leg-log clane) over a very broac range of R-eynoics numter, allcwing
2. ^- r o= o l a .1 v* n 2 o o a. . .. =. a i .1 c. a n '. d. .= n. c s. .o .=..=c... -.sr.= in' -.we.n-.-. L . . .r

:1ons. Sir.ce Reynolcs rumoer is ince:encent of crassare, nese e.geri-
ww = - r a. l 2 * 1 '/ c. l .y l '. a e da

-* r s - w' r s. 2 .. ., . . . e. .s .q -2 - . - -
.. ) . w. --
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a sim;'ar fi;ure ce ne a? tests.,iiich were perfor ec.

RES?ON'E
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..1/xae ruel
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ine same in:crmation as snewn en ne nex page ice stancar

is given in WCA?-3500 Figure 4.2-1 for tne 17x17 optimizec fuel
assamaiy. Also provicea is a Figure to illustrate ne a? tes-
.- s n f 4. :" r .= i n. q. ., .
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*i;ure 1-7 :n pa;e 1-16 sn:..s .11: 1: fic., ratas :e .:een 17 0 ano 21:0 -

-. 1 r.ssem. anc u.c are met;., those 3.-s
. ,

e r.- n e e,n ts e .i 3.3. . . , ._, s..earsrement a

pre:icte;. s 2:isti:11 analysis snoul; be performac to cetermine if,

any trencs are present curing enca pnase of tes:ing. -

a:_:Pu Lc:
- m e

Tne line sacwn on tiits figure is a statistical f1t no a precictec
value. T.e expectea error for fuel as:emoly pressure crop is on

tne Or:er of ( ]* percent. As can be seen in Figure 1-7, all (o,c)
ne cata fall ..'ll .,1:nin :na: limit.

I,

e

N

O

1 a
,

.

N-21

.

- _ _ _ _ _ _ _ _ _ _ _ _ _ _



_ - . . - _

a

,

OUESTION 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 assunp-
tion that the standard fuel data can be included in calculating the DNBR

'

limit for the OFA. diso provide the DNBR limit based on only the OFA
data.

RESPONSE

1>

The following data are presented for these two 0FA data sets, and for
both conbined.

__

+ (b,c)

--
__

In addition, conputations using NORMAL (Reg. guide 5.02) howed that
'

these data sets are nonnally distributed. Figures 3 and 4 show
nonnality plots of M/P for tne typical and thimble sets. Figures 5 and ,

6, patterned after Figure 1 fran the NRC-SER on WCAP-8762,5how a com- .-

parison of the OFA data and the standard fuel data for both average M/P
and standard deviation. It can be seen 0FA data canpares well with -

'
standard fuel data, falling within the limits already defined by stand-
ard fuel. He'ce, for correlation purposes the OFA data sets should be
considered part of the total R grid population, with a minimtm DNBR of
1.17.

,

1

* 95/95:
(DNBR) MIN *(f),yg-K 395/95
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. , . . - - - . , . . . , ,L .0 D 116 * . :1...*

...:it effe:ts ci: tne pl ;;in; Of tni. Ole cells hav2 cc 15 fl0v Its;

performe: to :etermir.e press _re crops ?

.

T<E SPO:1SE

,ne plugging of the thi. Tole tuces resulted in a recuction or ,.uel. .

.

. . , +
..is sma,s,i (o,c)assemoly r.iow rate on tne orcer or t j percent, in

recuction in a bypass ficw to :ne test assemoy nac no ciscernacle
effect on tne pressure crop melturam.ents.

.

# 4
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QUESTION 492.14

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

|
|

|

RESPONSE

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

The height of the grid has a negligible effect on the hydraulic can-
patability of the grid, since the major hydraulic inismatch is due to the ,

contrac+4cn and expansion losses thru the grid and-not the additional
frictional loss fran the grid height. There are no elevation mismatches
as stated previously, and the two grid types are tnerefore canpatible,
though there exists a difference in grid pressure loss coefficient.
Further canpatability is justified by the negligible difference in
over-all assenbly pressure drop between the flow tested 0FA and standard
fuel assenblies,

j

.
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.- c e. will tne effects of crossflow ce:waen a CFx anc stan se: issemoly be.

a :cunte: for in a "mixec" c:re 1: 1:ing!

?.ES?ONSE

Ine effects of cross flow between an OFA ano stancard assemoly are ac-
c:untec for in a mixed core loading by inputtic.; to tne thermal analysis
(THINC) tne appropriate gric pressure loss ccefficient an: ficu nannelv

ge: metry asscciatec witn the standarc and optimized fuel assem lies.
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