1.0

SAFETY EVALUATION REPORT ON THE 1981 VERSION OF THE WESTINGAOUSE
LARGE BREAK ECCS EVALUATION MODEL

INTRODUCTION

On May 15, 1981 Westinghouse requested in writing (Ref. 1) that certain changes
be incorporated in their ECCS eva1uati9n model. The primary reason for these
changes was to implement revised staff requirements for cladding swelling and
runture models as described in NUREG-0630 (Ref. 2). These reguirements were
developed to account fcr new data developed subsequent to the approval of the

present Westinghouse modil.

Westinghouse had performed preliminary calculations which showed that by
incorporating the NUREG-0630 requirements scme plants would not meet the

2200°F limit of 10 CFR 50.46. Therefore.in order to avoid reductions in overall
peaking factor (Fq), they requested other compensating changes be incorporated

in their large break svaluation model. These changes were related to the thermal-
hydraulic analysis in SATAN VI (Ref. 3). THEy‘were originally developed for use
in analyzing plants equipped with upper head injection (UHI) (Ref. 4), but are

not unique to UHI behavior. This collection of analytical improvements has béen
termed "UHI Softwars Technology." In addition to UHI plants, certain other plants
have been allowed to use UHI Software Technology (Ref. 5, 6, 7). Excepé for these
plants, all ECCS analyses using the Westinghouse large breazk evaluation model have

been accompanied by a supplemental eetimate of the combined effect of NUREG-0630
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and UHI Technology. Approval provided Ly this SER eliminates the need for those

—— -

' suppieﬁénfgi*assé&smeq}s.

Several other changes are also addressed in this SER. They are:
1) Application of the Westinghouse reflood heat transfer model to different core
heights and different rod diameters (OFA and CE reloads),

- - _— . — ——— — | —— — L ——— —

‘2) improved modeling of interaction between pumped safety injection and
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3) Miscellaneous modifications that correct logic or other relatively miner
deficiencies.
4) Special requirements for analyzing reloads for Combustion Engineering (CE)

Nuclear Steam Suppiy Systems (NSSS).

MODEL EVALUATI ON

CLADDING MODELS

Reference 1, as supplemented by information provided in References 8, 9, and 10,
describéd the proposed cladding models for the "1981 Version of the Weséinghouse
Apoend%ﬁ K Evaluaffon Mode1."' Amon§ tﬁe various féatures of the neQ évaluatiéﬁ -
model are three modifications to cladding mcdels. Those modifications consist

of (1) a revised algorithm for calculating heatup rates, (2) new rupture temperature,
burst strain, and flow blockage models adopted from NUREG-0530 (Ref. 2), and (3)

an alteration to the prerupture strain model. These medifications are to be
incorporated into the LOCTA-IV (Ref.11) and SATAN-VI (Raf.3) cocdes. In general

these modifications update the previous Westinghouse analytical methods by (a)
properly accounting for new data developed subsequent to the approval of the

present Westinghouse evaluation models, and (b) formally incorporating a revised
cladding failure model that is compatible with the temperature transients that

would be encountered during lTarge-break LOCAs.

Data Base and Modeling Limitations

The new data base (see Appendix A in Rafeérence 2) was exclusively derived from
LOCA-simulation experiments that employed internally-heated Zircaloy cladding
that was tested in aqueous atmospheres. Phenomenological bases for model
development (i.e., curve fitting) was qualitatively assisted by results from
simpler, but less prototypical, experiments (Refs. 12 and 13) that utilized
direct, self-resistance heating of the cladding. Because (a) recently released
(Refs. 14 and 15) slow-ramp, high-temperature burst data indicate that part of

the NUREG-0630 model is substantially non-conservative, (b) the limited number of
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cata in this regicn would result-in an associated large modeling uncertainty,
and (c) Westinghousa has no high-temperature burst application, Westinghouse
has agreed to limit the applicability of the NURESG-0630 burst strain and flow
dlockage models by curtailing the functions at temperatures greatar than $50°C,
thus avoiding this region entirely. Within this range, the cegree of swelling
and rupture are not underestimated by NUREG-0630. Should a rupture tamperature
greatar than $50°C be encountered in any plant analysis, Westinghouse would at
that time have to propose an altarnats method.

2.1.2 Algorithm for Temperature Ramo Rate

Plastic deformation in Zircaloy is a complex function of several variables,
most notably heating rate and strain rate. For simplicity, these effects have
been treated empirically as a single combined parameter expressed as temperature |

ramp rate.
The revised algorithm for calculating temperature ramp rates is utilized

whenever cladding temperatures are detarmiﬁed to te within 111°C, (i.e.,
200°F) of rupture. For temperatures below this 111°C tand, the instantaneous
ramp rate is used. The algorithm tracks and stores cladding temperature as

a function of time after entry into the :11°C bihd. for each succeeding time
step, the algorithm yields an averaged ramp rate which is equivalent to or

conservatively lower than the instantaneous or initial ramp rate which was ‘
employed in the experiments referenced in NUREG-0630. |

2.1.3 Rupture Temperature Model

The cladding rupture temperature model is depicted in Figure 1. Westinghouse

has programmed the rupture temperatur;_ﬁodel in tabular form for 0, 14, and 28°C/s
ramp rates. Westinghouse conservatively uses the 28°C/s ramp rate correlation

for rates > 28°C/s, and the 0°C/s ramp rate correlation for rates < 0°C/s. For

intermediate rates, parabolic interpolation at the appropriate ramp rate and

axial node.

:
cladding wall hoop stress is used to calculate the rupture temperature for each
By letter dated November 16, 1979 (Ref. 16), Westinghouse notified NRC of a

non-conservatism identified in Westinghouse large-breag g;CS gva1uation models.

-
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Specifically, Westinghouse had ciscovered that cladding temperature ramp rates
during a large-break LOCA would be at relativeiy slow rates; whersas, the
rupture tamperature.model in the large-b}eak avaluation mocels was basad on
cladding burst tests that were conducted at relatively fast rates. Consequently,
the use of the -large-break evaluation models might result in the calculation

of (a) delayed rupture times or (b) no rupture prediction when rupture should
have occurred, Subsegquent to the ﬁe::inghouse discovery, large-break LOCA analyses
of plants having slow ramp rates have been performed using a combination of
modgls from the small-break and large-break evaluation models. Use of the

new Westinghouse rupture temperature model, 1981 version, approved by this SR,
formally corrects this situatici inasauch”as the new model is éam;atibie with

the full-spectrum of potential ramp rates that might be encountered and the new

model is an integral part of the 1981 evaluation model.

Prerupture Strain Model

The Westinghouse prerupture strain model was formuféted from data reported by
“ardy (Ref. 13). The model provides a time-cependent true strain as a function
of true stressang other parameters. Westinghouse has determined that the use

of the existing prarupture strain model with the new, more conservative, rupture
temperature model results in unrealistically low pre-rupture strains. Consequently,
the strain rate was increasad by adjusting a coefficient in the model's equation.
The calculated prerupture strains are now, found to agree with KFK REBEKA and

ORNL MRBT experimental data (see Appendix A in Ref. 2), but the prerupture strains
will be limited to 10 percent in the ECCS Evaluation Model (as in previous EMs).
The basis for this limitation is that allowing prerupture strains to exceed 10
percent results in decreased LOCA PCTs for Westinghouse plants (Ref. §), and

this is a conservative application.

Burst Strain Model

The cladding burst strain model is depicted in Figure 2. For temperature ramp

rates <10°C/s, the slow-ramp correlztion (shown as solid curve) is used.



-

+ For temperature ramp rates 225°C/s, the fast-ramp cerrelation (shown as dashed
curve) is used. Strains associated with intermediate ramp ratss are detarmined

by linear intarpolation.

Flow 8lockage Model

The fuel assembly flow blockage model is cepicted in Figure 3. For temgerature
ramp rates< 10°C/s, the slow-ramp correlation (shown as solid curve) is used.
For temperature ramp rates2 25°C/s, the fast-ramp correlation (shown as cashed
curve) is used. Blockages associated with intermediate ramp ratess are

determined by linear interpolation.

Regulatory Conclusions

Based on the data and analyses cont2ined in NUREG-0630, subsequent data, and
our current understanding of plant lcoss-of-coolant transients, we have concluded
that the proposed (1) algorithm for computing heatup rates will provide
conservative results for all hypothetical conditions that may be encountered,
(2) rupture, strain, and blockage models will preaict swelling and rupture
without underestimating the degree of swelling or the incidence of rupture,

and (3) prerupture strain model will yield strains that are consistant with
those observed in prototypical experiments, and the artificial ]imit on the
degree of swelling will yield conservative results We, therefore, find the

T — o ——— ——— — . — . ————————

models and their proposed applications to be acceptable for all PNRs with fue1

- —— — W - — - — — — —— - —— . —

supplied by Westinghouse.

.
-

2.2 UHI Software Technoloagy

In analyzing the large break LOCA, W . inghouse has proposad o use some of

the modeling techniques currently approved for use in wes~inghouse plants equipped

e — —— o — - - — -

with Upper Head Injection (UHI) (Ref 17) The following four changes

e — —— - ———

were made to the SATAN VI computer program (Ref 3)

1) pseudo-viscosity

2) equation of state



3) modified drift flux ' -

4) elevation pressure change

These changes were reviewed and approved for UHI plants in Reference 17. None of
the four changes is unique to UHI plants and would be ecually suitable to non-UKI
plants. We therefore find those SATAN modifications accsptable for all SATAN

large break analysis.

The model approved in Reference 17 utilizas a split downcomer noda]ization This

mode] was compared to several experimental results (Ref 4) and found

acceptable. Since the experiments were not related to UHI hese conpar1sons

would also be applicable to non-UHI plants.

In Reference 1 Westinghouse analyzed a ron-UHI plant using the UHI software
technology discussed previously. Two calculations were done, one with a split
downcomer nodalization and one with the traditional one-dimensional downcomer.
The difference in PCT was only 11°F. Other ccﬁbarisons of the split and one-
dimensional downcomer models showed a similar small effect for non-UHRI plants.
Since the effect of the split downcomer model is small and the comparison to

available data was reasonable we find the modei acceptable.

Our consultants at Sandia National Laboratories are investigating the physical

flow behavior which results from split downcomer modeling and associated slip flow -
models. In particular they are exp16r{ng the modeling as applied to the experiments
mentioned above. Results of these studies will be applied to the Westinghouse model

for verification.

To account more realistically for the actual Westinghouse 4-loop configuration,
the intact loop cold leg was split back to the ;ieam generator (Ref. 19). Although

this was not done for UHI plants, it is actually a better representation for use

with the split downcomer and is therefore acceptable.




. —— —

2.3

-7-

- ¥ - s o —-
- - — - - -—

In Qeferenco 20 wesuinghcuse sgud1es 4 me;hods for sp11 dewncomer nodeqing in
3-Tocp pTants Analys1s using .;e m;;ei se!ect=d resul;ed in the highest PCT.

Of the other three methods, two do not appear to realistically reflect loop arrange-
ment. The remaining method resulted in the lowest PCT. The method chosan

invelves splitting the downcomer volume 2:1 and Tumping the intact loops. 3ased

on these sensitivity studies and loop logic, the method chosen for 3-loop plants is

acceptable.

For 2-loop plants the downcomer is split equally with the intact loop attached to
one node and the broken loop to the other.This of course is the only logical
selection. Addition of a-containment node to better handle break flow slip is
also acceptable. A sensitivity study to this change actually resulted in 2 slight

increase in peak cladding tamperature (Ref. 19).

. — e ———— -

In summary, the SATAN VI coding and modeling changes described above are
acceptable for analysis of all Westinghouse des1gned NSSS 2nd reloads of standard
CE 4/2 loop NSSS. UHI Plant: have additional changes which are described in References

4 and 17.

Application of FLECHT Correlation and Skewed Power Methodology

Westinghouse intends to use the current FLECHT correlation and skewed power
methodology* in LOCTA IV to calculate reflood heat transfer for all PWRS currently
being supplied with their fuel. This inc]uges 15 X 15 , 17 X 17 (standard and OFA)
and CE 14 X 14 reloads.

In 1976 NRR approved ﬁfef.-2!1 the Oct. 1975 version of the Westinghouse ECCS
evaluation model (Ref. 22). This included modifications to the reflood heat
transfer model to accommodate 17 x 17 fuel. The request for approval (Ref. 22) and
the approval (Ref. 21) was limited to 12 foot cores. This occurred even though
moest of the data and correlation development applied to 14 ft,cores. We have

riquested Westinghouse to verify that the reflood heat transfer methodology in LOCTA
*Sometimes refered to as integral of power technique.
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is as re presented in Reference 22 and applies t0o 17 x 17 feurtzen foot fuel.
Until such verificaticn is received, approval of reflooc neat transfer analysis

method§ “or 14 foot cores is withheld.

In Reference 23 approval was granted to the FEB. 1978 version of the Westinghouse
ECCS model (Ref. 24). This {ncluded changes to reflect new FLECKT 15 x 15 data.
Part of these changes was further modification to the skewed power methodology.
Several small changes were submitted (Ref. 25 and 26) to correct logic deficiencies
and assure proper implementation of reflood heat transfer methodology for rod
diameters slightly different from standard 15 x 15 and 17 x 17 fuel design. The
changes in Reference 25 removed some inconsistancies, logic errors and redundancies.
The changes have ro impact but to allow LOCTA to function for non-12' cores. They

are therefore acceptadle.

Reference 26 documents changes required for analyzing other than the standard dia-
meter fuel. This was considered as part of the optimized fuel assembly (OFA) review
(Ref. 27). The SER on OFA (Ref. 28) gave approval_to these changes Tor QFA fuel.
Westinghouse will verify that this methodology will be used for C E relcads.
Reference 18 states that the most recent skewed power methodology is applied to

C £ reloads because of the less than 12 foot fuel length.

The staff concludes that the reflood heat transfer methods described herein are
acceptable for PWRs currently being supnlied with Westinghouse manufactured Zircaloy
clad fuel with the following exceptions:. |

1) UM plants have added restrictions as stated in Reference 17.

2) Approval of reflood methadolegy for 14 foot cores is withheld pending

further confirmation and verification of model acceptability.

Accumulator/Low Head Pumned ECCS Interaction.
On December 22, 1980 Westinghouse informed the staff (Ref. 29) of changes
to SATAN-VI and W-REFLOOD wnich affects the calculation of the injection section
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pressure drop in some plants. In the affectad plarts, scme of the pumped

ECCS entars through the accumulator line between the two check valves.

The current Westinghouse model assumes shat the back pressure for safaty injection
is the reactor coolant system pressure which does not procerly account for the
pressure drop through the downstream check valve. This is particularly noticable
during the accumulator injection pericd. In Reference 30, westinghouse proposed

a nodalization change for SATAN which properly accounts for injection between uhe
check valves during blowdown. In Rere;ence ég.they:deserxbed-a ced1ng change

which allowed caiculation of injection section pressure during accumulatorr

injection in W Reflood. In Reference 30, Westinghouse conf1r~ed that proper line

and valve resis.ance was already being accountad for wren the ac*umu1at0rs were

not 1njec~ing Based on tﬁe foregoxng 1n.ormation we 1nd these _changes ac:eptab1e

" for the'a fected plants.

. —————
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MISCELLANEQUS CHANGES

In Reference 31, Westinghouse submittead Zz_phanges to SATAN and LOCTA. One
of these changes was the intermediate zirc-water correction reviewed in Rafer-
ence 23. This intermediate fix has been replaced by several mo~e accurate
changes to the two programs. Tan of the 21 remaining changes resultad from

a thorough review of the geometry, property, and conduction solution logic

which contributed to the original error. The changes are indeed improvements and

have already been made. This SER constitutes approval of those changes.

Seven of the remaining changes are non-substantive and are included for diagnostic
assistance or program simplification. Three changes implement more accurate
fluid properties. A final change in Reference 29 corrects the burst rod time ~
step in SATAN. Another small change in Reference 23 corrects a potential logic
deficiency in LOCTA. The change was minor and ﬁecessary to avoid possibie

fatal errors.

A1l of the changes are found to be acceptable. All improve the accuracy and

efficiency of the programs and none are prohibited by Appendix K.

RELOADS OF C.E. NSSS's

In Reference 18, Westinghouse submitted a description of mogifications to the = ~—
model approved in Reference 23. These modifications were needed to establish
compliance with 10CFR50.46 and 10CFRSO Appendix K for Westinghouse reloads of

C £ NSSS's. The computer programs and input data were modified to account for

fuel and system design differences between the CE and Westinghouse steam supply

systems.
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Two of the items discussed in Referenﬁe 18 (UHI Software Technology and

Swelling and Rupture) were audressed in sections 2.2 and 2.1 of this SER.

As noted in Section 2.2, UHI software technology including the split down-
comer and containment noding are acceptable for CE plant reloads. The swelling
and rupture model discussed in Section 2.1 also applies to CE reloads and su-

percedes the burst and blockage models described in Reference 18.

CHANGES TO REFLECT DESIGN DIFFERENCES

Certain other computer program input changes are required to reflect obvious
differences in loop arrangement and fuel design. The SATAN nodaI%zation was
changed to conform to the CE design of four (4) coid legs aﬁd iwé'(éf'ﬁéi i;;;:L
The cold Tegs on the intact loop are lumped together. The broken cold leg anc
intact cold leg are completely separate on the ather side. The control element
assembly guide tubes are moceled as two vo1ume§ with appropriately large flow
paths between the upper head and upper plenum. These changes conform to the
obvious noding arrangement and are acceptable. In WREFLOOD (pef. 32), the in-
put network and piping have been modified to represent the CE loop design.

This is also acceptable. In LOCTA, a change was made so that as built CZ re-
load fuel crack and dish volumes would be calculated internally. This is also

acceptable.

For the CE NSSS design injection angles of 60° and 75°, Westihghouse proposes to
use the .4 psid and 1.5 psid penalties, respectively, to satisfy the Appendix K
requirement. These values were approved by the staff (Ref. 33) for the CE model

and are acceptablg for Westinghouse analysis of CE plant reloads.
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REFILL HEAT TRANSFER

The CE design uses a large control rod guide tube. Westinghouse proposes to modify
their refill rod-to-rod radiative heat transfer model to 2ccount for the guide .
tube presence. The model inc;;qes 2 three-bo;y system with limited enclosure

and standard raciation solution procedures. Convective heat transfer is con-
servatively ignored on all bodies as is radiation through the gaps of the small
enclosure. We, therefore, find the model acceptable for 14x14 reloads. West-

inghouse has stated the further wark needs to be done on 16x16 systems.

SENSITIVITY STUDIES

Pa;agraph I1.3 of Appendix K requires anpropriate sensitivity studies for each
evaluation model. Westinghouse provided sensitivity studies to axial power shape
and core shroud region nodalization. The limiting conditions of each were
chosen to be raferenced for plant specific ana1yses. e.g., the lumped shroud
region noding and the chopped cosine distribution. Westinghouse analyzed steady
state thermal conditions for their fuel designed for CE reloads. The results
showed that early burnup yielded the highest stored energy. However, the as-
sessment did not include a LOCA analysis. CE LOCA calculations for the plant
design used in Referance 18 showed higher peak cladding temperatures (PCT) at
higher burnup. We, therefore, request;d Westinghouse to perform a LOCA burnup
sensitivity study. Reference 34 was submitted which confirmed that the assumed
low burnup indeed resulted in the highest PCT. It should be noted that this
study took credit for reductions in Fy as a function of burnup. Westinghouse

has stated the Fq's at high burnup were determined in a way consistent with the

determination of tech spec Fq's for CE plants reloaded with their fuel.
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In Reference 18, Westinghouse performed a large break study with a spectrum

of discharge coefficients (Cd)' The blowdown calculations investigated pumps
running and pumps tripped. Generally, the pump assumptions wére not significant
(less than 10%F). The worst case was the guillotine break with a Cd = 0.4

and pumps running.

Westinghouse also referenced numerous other sensitivity studies for model ac-
ceptance on the basjs that the results would be more sensitive to model as-

sumotions than plant differences. We agree with that assessment.

Westinghouse concludes from all these studies that to demonstrate ECCS per-
formance of their fuel in CE NSSS app‘licz.stions, only the (:‘1 = 0.4 cold le2g

guillotine break need be analyzed both with and without reacter coolant pumps

assumed operational using a chopped cosine power shape. We agree th;f

this should form an acceptable basis for 1ar§e break plant specific submittals.
However, based on differences in fuel design, plant design, and plant operation,
individual plant reviewers may require additional analyses. This is consistent

with the staff position in Reference 35.

CONCLUSIONS

The staff has reviewed the mocdel for large brea:t =nalyses described in the
various references. We believe that the model described in this report which

is based on these references is acceptable and is in compliance with Appendix

K of 10CFR50. With the exceptions noted in the report, the model is applicable
to all PWRs currently being supplied with Westinghouse manufactured Zircalcy
clad fuel. It should also be noted that the Upper ’lenum injection (UPI)
"patch" is still required for two lcop plants until such time as a new UPI model

is approved.
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This model should become effective no later than S0 days after receipt
of this SER by Westinghouse. That ﬁs; all submittals demonstracing compliance
with Appendix K with Westinghouse model after that time should use the model

described in this report. Ouring the 90 day period, any appiicant or

licensee requiring an Appendix K ZCCS analysis may elect to submit a

NUREG-0630 interim assessment as has been done since January 1980 or other-

wise submit analyses conforming to this SER.
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(n Reference 11, Westinghouse sutmittes 22 cherges 9

- . ! LT F .l BT T LY Rl tam
1@ CHANGeL wis the (rtermediate 2ircewater ¢

ence I3, This intermediate fix has been replaced Dy several mcre aczurate
Ehanges T3 The Two prograzms. Ten of the 21 remaining cranges resulted from
& thorough review of the geometry, property, and conduztion solution logic
which contributad 10 the origingl error. The changes are inceed improvements and

have aiready Seen made. Thfs SE2 camscitites cval of these cranges

seven of the remaining changes are non-sussianiive and are included for
23515%ance Or program simplification. Th-oe i=plement more acsurate
flulc properties. al ch ce 29 cor the turst roc time
step in SATAN. Ancther small change in Reference 23 corrects 2 potential logic
deficiency in LOCTA. The change was minor ard necessary %0 aveid oossibie

fatal errors.

A1l of the changes are found to be acceptadie. Al imsrave the accuracy and

efficiency of the programs and none are pronidited by Appendix K,

RELOADS QF C.£. NSSS's

-

in fefurence 18, westinghouse submitted & cescription of mocifications 20 the

sode! 2pproved in Reference 23. These modifications were needed *o establish

compliance with 10CFRS0.46 Ind 1OCFRSO Appendix X for Westinghouse relcads of

C L NSSS's. The computer programs and input cata were modified to account for
fuel and system design differences between the CE and Westinghouse steam supaly

systems.
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2.6

Two of tne ‘iems discussed in Reference 18 (UMD Softacre Tezanzicc,

Sweiling and Fupture) were addressed in sectians 2.2 eng 2.1 of tave (i3

As noted in Seztfon 2.2, UM! software techrolcgy fncludirg the spifs doan-
comer  and contatnment noding are acceptable for CE plent relcades, Tre cpcl!

and rupture model Ciscussed in Section 2.1 also azplies to CE re'case and sc-

pe-cedes the Durst and dicckage mocels described inReference 18.

THANGES TO REFLECT DESIGN DIFFERcNces

Cemain cther Computer program irout chanjes :re recuires 35 reflect oovious
difTerences in Toop arrangement and “yel Zesigcn. The SATAN nodal ‘aticn was
thanged o conform o the CE design of four (3] cold Tegs and two (2) hot 1eqs:
The cold Tegs on the fntact locp are lumced t:gether. The broken calé leg ang
fntact ¢2ld Teg are completely sezarate cn %2 ogher sice. The control ele-ent
siemdly guide tubes are moceled 25 a0 vo'.ve: with eocropriately la=ze flow
FAths Detween the upper head and .poer zlenum. Trese changes confarm to the
otvious noding arrangement and are acceptatle. [n WREFLOCD [pef, 32), the in-
put network and piping have been modified tc ~<present the Cf looo cesign,
This {5 also scceptadble. In LOCTA, a change was mace sO that as built CZ re-
load fuel crack and dish volumes would be calculate4 intermally. This 1s alse

sccentable.

for the CE NSSS design fnjection angles of 60° and 75°, westMghouse sroposes o
vie the .4 psid and 1.5 psid penalties, respectively, to satisfy the Agoendix K
recuirement. These values were approved by the staff (Ref. 33) for the CL mode!
ant sre acceptadie for Westinghouse 2nalysis of CE plant reloads.
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2.6.3

REFILL WEAT TRANSFER

The (T design uses a large control rod guide tube. Westingrouse sringser

their refill rcd-to-rod radfative heat trans’e~ mocel %¢ 2ccount for the 2GS

- — — - -

tube presence. The model fncluces 2 three-body system witn limites enzic..
énd stancard radiation sclution procedures. Convecsive heat transfer *: car-
scrvativoiyiignored on all bodies as is radiation through the gaps of the sw2l’
enclosure. We, therefore, find the moce) acceptable for 14x14 reloads. Wess-

inghouse has stated the furiher wcrk reess to be done on 16416 s stems,

SENSITIVITY STUDIES

Paragraph 11.3 of Apperdix K reguires agoroc-iate sensitivity stucies fer each

evaluation model. westingnouse provices sensitivity studies 2o axial power thage

and core shroud regicn nodalization. The limiting conditions of each were
chosen to be referenced for plent specific araiyses, ~.g., tne 'umped sarcud
region noding and the chopped cosine cistridution. westingnouse aralyzed sle:zly
state thermal conditions for the i~ fuel designed for CE relceds. The resulcs
showed that early durnup yielded :he highest stored emergy. However, the is-
sessment ¢id not include a LOCA analysis. CE LOCA calculations for the plant
design used 1n Reference 18 showed higher peak cladding temoeratures (PCT) ot
higher Surnup. We, therefore, roqucséei Westinghouse %0 perform & LOCA Surnug
sensitivity study. Reference 34 was submitted which confirmed that the assurec
Tow turnup indeed resulted in the highest PCT. [t should be noted that *his
study took credit for reductions in Fq as a functicn of burnup. westingnouse
has stated the Fq's at high burnup were cetermined in a way consistent with the
determination of tech spec Fa's for CE plants relciced with their fuel,



-

- 13 - ¥

in Reference 18, Westinghouse performed & large Dresk Study with a specteur

of discharge ¢cefricients (Cd). The blowdown calculaticons invessijzates

o g —

running and puros tripped. Generally, the pump 2ssumplicns were not signif _int
{(Tess than 109F). The worst case was he guilintine Lreak with o :d = (.8

end pumps running,

westinghouse also referenced numerous other sensitivity studies ‘or mocel ac-
ceptance on the basis that the results would be more sensitive to mode] as-

rumctions than plant differences. we agree with that 2ssess~ent.

westinghouse concludes from 210 these studies that to Cemonstrate ECCS per-
fomm of their fuel in CE NSSS applicatiors, only the Cq * 0.4 cold leg
et wﬂhﬂn bruk need De analyzed Soth with and without ructor coolant pumps
[ uzuno‘d operational using & chopped cosine power shape. We cqm tmt '

; - D S —— —— — —

: this should form an acceptadle basis for large break plant specific submittals,

i—owonr'. based on differences in fuel cesign, plant cesign, ana plant operation,

individual plant reviewers may require additional analyses. This is consistent
with the staff posftion in Refarence 35.

3.0 covcLusions

The staff has reviewsd the model for large break analyses cescribed in the
various refersnces. We belfeve that the mode! descrided in this report whicn

is tased n these rlfcnncu s acceptable and {s in compliance with Appendix

K of lm with m excaptions noted in the report, the mode!l s applicadle
to all m currently bafng supplied with Westinghouse manufactured Zircaloy
clad fuel. It should also be noted that the Upper Plenum injection (UPI)
'plt.dl“_flljtﬂl required for two Yoop plants until such time 2s a new UP! model

~ iy approved.

2
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This mode] shoula become ¢“fective no later than SC cays afser recavce

of shis SR by westinghouse. That 1:; 81 sucmistails Cemorstrating siroliency
with 3pperdix K with Westinghouse mode) afier that time shouic use t-e =n2”
describec in this recort, ODuring the 90 day pericd, any 2227icint or
1iccns}t requiring an Appendix K ECCS analysis may elect %0 sudbmiz 2
NUREG-0€30 interim 2assessment as has been done since January 17220 or 2urer-

wise submit analyses conforming to this SER.
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