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UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D. C. 20555

November 27, 1979 GL ~ 7?' éé

(LETTER TO ALL OPERATING LIGHT WATER REACTORS)

Gentlemen:

Letters, dated November 9, 1979, were sent to all the licensees requesting
information concerning the new fuel cladding strain and fuel assembly blockage
models and compliance with 10 CFR 50.46. Subsequently further information was
provided by the NSSS vendors and fuel suppliers regarding the impact of
cladding heating-rate dependent burst temperature effects on rupture time and
rupture strain/blockage and consequently on calculated peak cladding
temperatures. The vendors and fuel suppliers supplied additional information
by letters to the staff.

Copies of these additional letters are enclosed. This new information should be
used in preparing your response to the November 9, 1979 request.

incerely,
i g%@f
Darrell G.{Fisenhut, Acting Director

Division of/ Operating Reactors

Enclosures:

1. Letter from Babcock & Wilcox, dated November 20, 1979

2. Letter from Combustion Engineering, dated November 16, 1979

3. Letter from Exxon Nuclear Co., dated November 16, 1979

4. Letter from General Electric Co., dated November 16, 1979

5. Letter from Westinghouse Electric Co., dated November 16, 1979
6. Letter from Yankee Atomic Electric Co., dated November 20, 1979
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'. Sab;:ock &Wilcox N\

st Greneration Groud

P.0. Box 1260, Lynchburg, V. 24 505
Teephone: (834) 384.511%

¥ovexher 20, 1979

Mr. Darrell G, Eisezhut

Acting Divrector

Division of Operating Resctors
Office of Ruclear Reactor Regulation
U.5. Kuclear Regulatory Commission
Washington, D.C. 20555

7—4.'0 ﬁyzé'ls

subject: Cladding Swelling and Rupture Modele for
LOCA Analyeils

Dear Mr. Eigenhut:

Ot Kovember 14, 1879, Mr. R. P. Denise of the Division of
Systems Safety contacted B&W with regard to the Burst Temperature
Curve approved for uae by B&W in LOCA anzlyses. ¥r. Denise re-
quested B&W to comsider the effect of employiog the Stuff's ramp
rate correlation as contained {n Draft KUREG 0630 to determine
the Burst Temperature Curve for use in LOCA auziyses.

BEW has examined the ramp heat up vates calculated prior
to rupture for B&W KS5S systems whick have either OLs or CPs
granted under 10 CFR 50.46. (Documented in BAW-10102, Rev. 2,
BAW-10103A, Rev. 3, aod BAW-10105, Rev. 1.) Interpolating from
the Staff's ramp hear «p rate versus HOOp stress znd failure
temperature referenced above, BEW has found that the Staff's
correlstion predicte the fuel cladding to rupture &t the same
or higher temperatures for all cases, except the §-foot core
elevation for the 177-Puel Assembly raised-loop plant (BAW-
10105, Rev. 1). The Tamp rate prior te rupture for this case
is approximately 12 C/s, while the extrapolation of the RRC
curves to the B&W Burst Temperature Curve at the aame SLTESE
indicates a 22 Cle heat up rate. BEW has estinated that the
effect would be an earlier rupture, and, therefore, additional
oxidation due to metal-water reaction, resulticg in an increase
of epproximately 80°F irn the peak cladding temperature (PcT).
The original analysis showed & peak cladding tezperature of
2073°F. The additiecs of BOF would result in a pesk of 2153°F
and not viclate the requirements of 10 CFR 50.45. Since the
{ssuance of BAW-10105, Rev. 1, BS&W hee fdentified further con-
servatisms which amount to & reduction imn peak cladding tempera-
ture of approximately 30°F. Therefore, if the evaluation were

The Badcock & Wilcos Company f Estebfisted 1857



Bahcack & Wilcox

Mr. Darrell Eisernhut
- Rovemder 20, 1979

to include these Further conservatisms, and the NRC Tamp rate correla-
tions employed, we would expect a pesk ¢ladding temperature inrrease
of about 50°F (2123°F peak) with no difffculty 2n demonstrating com-
pliance to 10 CFR 50.45.

In summary, BiW has examined the effect of the nse of the Staff's
Tamp rate correlarfon as requested and foumd the calculated PCT to be
either unchanged o lowered as a vesult except for the one case noted
above. If there are any questions concerning this response, please
call me or Henry Batley (Ext. 2678) of my gtaff.

Very truly yours,
F)

Jares H. Tayior
Manager, Licensing
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ChE Forar Spziens ~ T2l 20315931811 s
Combushon Enpinnenng, Inc. Telex: 9-9257

1030 Prospect Hiii Koart

Windeor, Connecticui 05085 -

~3 POWER
A SYSTEMS

Hovember 16, 1878
1D-72-057 .

" Kr. Darrell 6. Efsenhut | i

Aesistant Director for Systews and Projects
Divicion of Operating Reactors

. S. Ruclear Regulatory Comission
¥ashington, D. C. 20555

Subject: Fuel Cladding Sxellfng and Repture Fodels

Reference: Letter LO-79-068, A. E. Scherer ta b. G. Eisenhut,
dated Kovember 2, 1979

Dear Kr. Eisenhuts

The referenced Tetter provided Combustion Engineering’s (C-E} response
1o several NRC concerns regarding rupture strain and flow blockage. Sub-
sequent to receipt of the letter, additionz] gquestions arase cancerning
the fmpact of heating rate dependent burst temperature effects on rupture
time and rupture strain/blockage and vitimetely on peak cladéing temper-
ature (PCT) in the aralysis of & Jarge bresk LOCA. The following evalua-
tion of the potential impact of heating rate dependent burst tesperature
on C-E's licensing calculations is provided in support of our ppereting
plant cestomers, '

The C-E rupture temperature model does aot have heating gate dependence.

" For the heating rate range of C-E operating plants, 2-10 Cisec and vsing
the ORNL model recomended by the Staff. heating rate effects would Tower
predfcted rupture temperatures by 25-759C.. The resulting lower rupture
temperatures due o low heat rate effects produce earlier rupture times,
(2-20 seconds earifer).

- If bupt.ure occurs after the time of <1 in/sec reflond, degraded he=t frans-

fer on the rupture node and above (2 requirved by kppendix K) is invoked
at the time of rupture. Eariier repture tines could Tead to higher re-
fiood PCT in this case because of the carlier impisentation of degraded
heat transfer. However, 211 C-L operating plants experiente cizd rupture
prior to the tioe of <1 ir/sec reflood and therefore the initiation of
degraded heat transfer would not be aFfected by lower ruplure tedparatures.
Earlier vupture times during the blowdown or refill periods may elter Yocal
heat transfer momentarily, throush p2p conductzance or radiztion enclosure
effects. However, §f the PCT occurs duréing late veflood its tmpact on PCT
would not be significant.



#. Darrell 6. [iSEnhut -2-

Lower rupture temperatures due to low heat rate effects may produce
higher rupture strains and blockages. The effect of fncreasad rupture
strain and blockage was addressed in the referenced letter to tha Staff.
The results of the previously discussed System 80 sensitivity studies
show that PCT calculated with the revised flow blockage/heat transfer
model s sVightly Jower than PCT calculated with tha present flow blockage/
heat transfer model. 1Im addition, the results of a study show that in- .
creasing the degree of flow blockage from 807 to 80Y only increases the
PCT by 40%F. Based on these resulis, we conglude that all C-E operating
plants continue to comply with the 2200%F peak cladding temparature
criterfon, including the effects of increased rupture strain/blockage,

The above discussions indicate that the reported PCT for a1} C-F opzrating
plants would not bz significantly affected by a haating rate dapandent
*uplure temperature model, The magnitude of the effect on PCT would ha
no greater than effects observad in the System 80 sensitivity sfudies
using the C-E alternate models. In fact, it is expected that using re-
vised flow blockagefheat transfer models with or without a heating rata
dependent turst temperature model for the amalysis of C-E gperating
ptants would produce lower PCT than presently reparted values, C-£
therafore balieves that our Evaluation Hodel analysfs with the revised
Tlow blotkage/heat transfer mode] mests Appendix X requirements and the
2ZDDOF paak cladding temparatura criterion,

If 1 can be of any further assistance on this matter, pisase confact me
or Ns. J. K. Cicerchia of my staff at (203)888-1011, Fxtensian £595.

Yary truly yours,
CHBUSTION ENGINEERING, INC.

Licensing Hamager

AES:dag
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2101 Horn Rapids Road
P. D. Box 130, Richtand, Wachington $93L2
Phone: 1509) 843 R103  Teies 32.438%

November 1h, 1979

Mr. Darrell G. Efsenhut, Acting Director
bivision of Operating Resctors

Offfce of Nuclear Reactor Regulstion

U. $. Nuclear Reaulatory Commission
Washington, D. C. 20555

Reference (1): ENC letter from G. F. fiweley to b. 6. Hiseahul
dated Novemher 4, tus4.

bear Hir. Eisenhut:

Ae vequested by your staff on Movember 13, 1979, ENC hat completed &h
additional review of the 1icenting impact of the prupused NRC rupture/
blockage model with particulsr emphasis on the imgact of the NRC tempera-
ture-ramp-dependent rupture temperature curves. hie reyview Supports

the conclusion of ENC'e earlier analyses {Reference 1) thet there is ho
sdverse impact on iicensing 1imits for plante Analyted by ENC modele $rom
use of the NRC rupture/blockage model.

the DC Cook analyses reported in Reference (1) used the vomplete broposed
NRC rupture/blorkage model including the temperature-ramp-dependent rupture
temperaturc, rupture strain and flow blockége correlations. Thus, the
temperature ramp rete effects had been fncluded. The temperature rémp

rate dependence $n the NRC model i¢ such that the difference between

the predicted rupture temperature of the NRC and ENC wudels ly greatest

,f,‘"{ the slowest ramp rate. Results of this additional review are summarized
elow:

6 A1l PuR plants 1icensed with ENC models have temperature ramp
rates in the slow range (<10°C/sec for & period of more then 10 seconds
prior to rupture.)

& For the category of plants where the PCY outurs downstiream of the
ruptured nude (in stegm cooling) the DC Cook ﬁlant is the most sensitive
to the NRC rupture/blockeage model because 4t hae the elnwett temprratyre
ramp rate prior to rupture.

Applicetion of the NRC rupture/blockage model to the plant with the tiowest
ramp rate (DC Cook) Shows that the currént FNC ECCS model 14 conservetiye

At ditcussed in Reference (1). thus, 1L it vuncluded thatl the current ENC
ECCS analyses for plants which fall in this categnry are conservative. These
plants sre Palisades, Kewaunee &nd Pratrie 1s1and 1 and 2.
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& For ona ENC Anat¥zed plant (RE Binna) thg Pc] beecurs A thﬁ
kuptured node and early in the refigod period, Tha impact 8¢ the NRC )
gupture/blockage model to RE BinnA has Baen 'aicuiated' the eoarrédponding
CT chinge was found to be 1ass than a 20°F fhcraase with the rasy ting
PCT 81171 mora than 200°F below the 3200°F 1imit.

8 The remaining ENC analy2ad pgn plant (HB Rabinson) dues MAL Mgya
& Steam tonling perfod nor dues the PCT sccur at the ruptured nude. For
this plant the rupture Strain calcutuied by the NRC ruplyre Atrdin Modet
{considering the ramp rate effact on pture temperaturd ?aﬁgrcbtér than
the rupture strain caleculatad by Lhye ERC Madel. tThHus, tha rupture/
blocksge model would yieid a lower PGt $ince the resulting higher efad
$train on the hon-ruptured PCT hude would improve clad c0014ny.

In Summary, 1t 18 concluded that Application of the NRc rupturé/blockagd

fiode! in the ENC £CCS model would hot Affect tcanding 1imits on ENC
plants bacause:

® PcT's would be raducad by using the MRC rupture/blocgagé mndal
th a1l plants in which PCT doas not occur bn the ruptured hode. '

& In the ane gIAnt where PCT dos dccur on the rupturdd node (Rt‘ﬁlﬂﬁa)
the fmpact of the HRC rupture/blockaye mndet &n PCT 1s less than 20°F
with mare than & 200°F margin to tha 2200¢F Vimit rémaining.

Sincarely,

"I’ "g’ C:;:'I;ji‘::" A t’d- :3';'

. F. Dwilay, Manager
ge?a&d Fuel ficEng ng
baxon Nuelaar Ctanhahy

aro/mar
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GENERAL @3 ELECTRIC

GENERAL ELECTRIC COMPANY, 176 CURTNER AVE., SAN JOSE, CALIFORNIA 85125
MC 682, (408) 925-5722

November 16, 1979

U. S. Nuclear Regulatory Commission
Division of Operating Reactors
Office of Nuclear Reactor Regulation
Washington, D.C. 20555

-

NUCLEAR POWER

SYSTEMS DIVISION
MFN 278-79

Attention: Darrell G. Eisenhut, Acting Director
Division of QOperating Reactors
Gentlemen:
SUBJECT: GE CLADDING HOOP STRESS AT PERFORATION
Reference: (1) Letter, R. H. Buchholz to D. G. Eisenhut (NRC),

ORNL Cladding Swell and Rupture Data - BWR

Evaluation, November 2, 1979.

(2) Oraft Report, R. 0. Meyer and D. A. Powers,
Cladding Swelling and Rupture Models for LOCA

Analysis, October 31, 1979.

(3) General Electric Company Analytical Model for

Loss-of-Coolant Analysis in Accordance with 10CFRS0
Appendix K, NEDO 20566, January 1976.

(4) Letter, A. J. Levine to D. F. Ross (NRC), GE Loss-of~
Coolant Accident Model Revisions -~ Core Heatup Code

CHASTEOS, January 27, 1977.

During a telephone conversation between GE and R. Denise of the NRC
Staff on November 14, 1979, additional informatfon to that transmitted
in Reference 1 was requested. Reference 1 outlined the reasons the
data contained in Reference 2 did not affect the GE LOCA cladding swell-
ing and rupture models (References 3 and 4), It 1s GE's understanding
that the NRC Staff is concerned with the method used to calculate the
ramp rate (clad heatup rate) during a LOCA as §t affects cladding hoop
stress versus temperature at perforation. The purpose of this letter is

to address these concerns.

sectfon I.B of GE Appendix K Topical Report NEDO-20566 discusses fuel
swelling and clad rupture thermal parameters. This analysis was based
on our previously applied CHASTEO4 model. Extensive sensitivity studies
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were carried out by GE to prepare for NRC review of the currently
approved CHASTEO5 swelling and rupture model. These studias aro of
dfrect relevance to the current NRC concerns. The sensitivity studies
(rasults of which are included for completenass in Supplement A) indi-
cated only a small sensitivity of PCT to variations in cladding strain
and hoop stress at perforation. In particular, Figure 4 of Supplement A
depicts the varfatton of the hoop stress at parforation with temperature,
The lowar bound of the investigation has been re-plotted on Figure 54 of
Reference 2 (attached). This figure shows that the lower bound of the
CHASTEOS sensitivity analysis produces a more conservative relationship
of hoop stress to perforation than the 0°C/sec curva for temperatures
above approximately 740°C (i.s., perforations are not expected in GE
BWRs below 925°C). The change in PCT for this lower curve compared to
the base case was -5°F.

We understand that the Staff is also concerned about the statistical

significance of the range of values over which ramp rates are deter-

mined. The calculated cladding heatup rate for GE BWRs is between 1°
and 7°F/sec. This range of heatup rates is based on an average value
over the ballooning portion of the ramp.

The foregoing discussion, together with Supplement A, clearly indicates
that the ORNL data for hoop stress at perforation for several heatup

rates does not impact the conclusions of References 3 and 4 over the BWR
rangas of application.

I sincerely hope that ihis resolves any quastiohs you may have regarding
this matter as it pertains to the BWR.

Yours truly,

[Liduchhole

R. H. Buchholz, Manager
BWR Systems Licensing :
Safety and Licensing Operation

RHB: cas/4)
Attachments

cc: G. G. Sherwood
R. Mattson (NRC)
R. Denise (NRC)
L. S. Gifford (GE-Bath)



Supplement A
CHASTEOS SWELLING AND RUPTURE MODEL

Sensitivity Studies

To evaluate the effects of the change in the calculatfon of the grey
body factors (GBF) in the CHASTEOS code, a mumber of sensitivity studies
were done. The studies show that the more realistic calculation of the
GBF's results in a smaller sensitivity of the peak cladding temperature
(PCT) to various parameters of the rod swelling and rupture model.

The studfes were performed for a plant with 7x7 fuel at high exposures,
to maximize the number of perforations and hence any sensitivity of the
calculated PCT. The plant selected had a velatively long reflooding
time and a shorter blowdown period which then results {n & longer perfod
over which the rods are calculated to be perforated and hence a greater
sensitivity to changes in the swelling and rupture model. The results
presented here can be considered representative of those expected for
BWRs with fuel where perforations are calculated to occur.

The following studies were performed and are discussed in detafl below:

1. Variation of cladding strain at perforation

2. Variation of swelling jnitiatfon criteria

3. Varfation of thermal expansion coefficients

4. Variation of perforation stress versus temperature curve
§. Variation of plenum volume

6. Variation of the GBF calculation time

The base case for all the calculations was calculated using the strains,
perforation curve, strain rates and other models as described in NEDO-20566,
i.e., nominal strains of 16% on outer rods and 23% on inner rods for
perforation hoop stresses <1500 psi. 1The temperature transients for
several rods for this case are shown in Figure 1. Figure 2 shows the
relative positions at the different rods.

In general, the use of CHASTEDS instead of CHASTEO4 resuits in & smaller
gensitivity to changes in various parameters. The two major reasons for
the smaller sensitivity of the results to the changes in the parameters
are: '

a) A more accurate calculation of radfatfon heat transfer in
CHASTEOS has reduced the fmpact of radfation heat transfer
degradation when rods are calculated to perforate.

b) Better nodalization of the cladding fn CHASTEQS (it has two
cladding nodes instead of one in CHASTEO4) and better control
of the time step has reduced the sensitivity of the temperature
response to inside metal water reaction as a result of perforations,
{.e., when a rod is calculated to perforate, the code takes a
small time step.

NS:cas:at/4T ' 1
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1.0 variation of Cladding Strain at Perforation

The values of strain after perforation used in the calculation are
based on the FLECHT Zr2 tasts described in Section I.B.2.4 of
NEDO-20566. It fs assumed that for rods with hoop stress <1500 psi,
rods next to the channel will have a maximum strain after perforation
of 16X of nominal radius and for the resaining rods, the maximum
strain is assumed to be 23X of nominal radius. The purpose of this
study was to determine the change in the teaperature response of
fndividual rods and the peak cladding temperature of the bundle as
2 result of changing the various assumptions regarding the assumad
parforation strain. The base case for this study was done using
the noafnal strains (i.e., 23X on inner and 16% on outer rods).

The study shows that there 4s a very small (45F) sensitivity of the
PCT to changes in the perforation strain. This is because, even
though individual rod temperatures are affacted {by as much as 20°F
Just after a rod perforates during the transient), the temperature
of all the rods in the bundle tend to equalize as a result of
redistribution of energy by radfation heat transfer, consequently
the overall effect on PCT is sma)l. The studies show that as the
strain is increased on an fndividual rod its temperature decreases,
becausa for larger strains there is a larger area for heat transfer
and, hence, lower temperatures. For smaller strains the temperatures
are higher as the area for heat transfer {5 smaller.

The results for the different cases are presented below:

Case 1. The strain on the first rod to perforate (Group 12)
was changed to 40%. The calculatfon showad no change in the
PCT but did show a slight decrease (<20F) 1in the temparatuyre
transient for the first rod to perforata shortly after the rod
perforated.

Case 2. The strain on the second rod to perforata (Group 10)
was changed to 40%. In this case, the PCT decreased by 5F
compared to the base case. The change was larger compared to
Case 1 because of the closer proximity of the final PCT rod to
the second rod to perforate; but despite the change, it should
be noted that the change is small.

Case 3. The perforation strain on all rods was set at 30% (30X

. represents the maximum strafn that adjacent rods can expand to
without touching). The PCT decreased by only 3F even though
the varfation in individual rod temperatures during the transient
wara lower by as much as 25F during the transient, Just after
the rod perforated.

Case 4. The perforatfon strafn on all rods was reduced to
half the nominal value and the PCT decreased by 3F. In this
case also, the indfvidual rod temperature transients changed
by a larger valus (up to 15F at certain times in the transfent)
compared to the PCT,

NS: cas/AT 2
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The above studies were supplemented by studies using the strains
measurad $n the FLECHT Zr2 test, {nstead of the nominal strains

used

NS:cas/4T

{n the sbtove studies.

Case 5

Strains measured in the Zr2 test (shown {n Figure 2, p I-175,
NEDG-20566) were input into the CHASTE code, $nstead of the
nominal strains of 16X and 25% on outer and {nner rods, respectively.
Figure 3 shows the effect on the first rod to perforate (Group 12)
of using the nominal versus measured perforation strains for

all the rods. The difference in tha tesperature transfent for
individual rods in the two cases {s small, and the differences

in the calculated PCTs is zero. As discussed earlfer, the

reason for the small PCT sensitivity {s the redistribution of

the temperature due to radiation heat transfer and the fact

that the PCT rod at the end of the transient is a nonperforated
rod. Early in the transient, the PCT rod is often a rod that
perforates (as shown in Figure 1).

Case 6

This case was similar to Cases 1 and 2. In this case, the
strain on the first rod group to perforate was set egqual to
16%, 30%, and 40%. For all other rod groups, the Zr2 measured
strains were used. The calculated temperature transient for
the first rod to perforate is plotted in Figure 3. The results
show that for higher strains, the cladding temperature {s
Jower shortly after perforation because of a larger heat
transfer area, but there §s much smaller sensitivity to strain
than was calculated in CHASTEO4. The reason for this fs that
CHASTEOS has finer nodalfzation of the cladding and hence &
pore accurate calculation of the surface temperature and the
metal water reaction rate. Also, CHASTEOS has better time
step control which results fn smaller time steps after a
calculated perforation. Because of these two reasons, the
cladding temperature does not increase rapidly as & result of
inside metal reaction as was observed in CHASTEC4.

The calculation for the 40% strain appears to show a larger
sensftivity because of a stight delay fn the perforation time.
But after a few seconds, the temperatures using the various
strains all are about the same. The slight difference in the
time of perforatfon for the varfous cases is a result of the
slight differences in the strain rates before the rod perforated.
(The strains and strain rates before perforation are a function
of the final perforation strain.)

The conclusfon from this study is that the cladding temperature
of perforated rods fs relatively insensitive (<10F, 15 seconds
after perforation) and the PCT is almost completely fnsensitive
to the perforatfon strains and, hence, use of the nominal
values 1s appropriate.



2.0 Variation of Swelling Initiation Criteria

CHASTE calculatas plastic swelling on rods Yor all temperatures
above a certain temperature. This tesperatura fs nominally set

at 200F below the perforation temperature. Calculations were

done assuming that plastic swelling starts OF, 200F and 400F balow
the perforation temperatura. The results show that for the case
of OF, tha PCT decreased by 3F, and for the 400F case the PCT was
unchanged relative to the 200F nominal case. The effect on PCT was
saall ?<SF), and the effect on individual rod temperatures was also
small (<20F), and hence it can be concluded that the use of 200F {s
st111 appropriate.

3.0 Variation of Thermal Expansfon Coefficients

This study was done to determine the sensitivity of PCT to uncertainty
fn the thermal expansfon coefficients of the fuel and cladding
material. The changes in the PCT are caused by changes in the gap
conductance resulting from changes in the pellat-cladding gap size
for different thermal expansion coefficients. For larger thermal
expansfon coefficients, the gap size is larger early in the transient
resulting in lower removal of stored energy during the blowdown
phase of the transient and hence highar PCT. Conversely for smaller
thermal expansion coefficients, the PCT fs lower than the case

using the nominal thermal expansfon coefficients. But in all

cases, the sensitivity is relatively small and is documented below
for two extreme cases, f.e., no thermal expansion or contraction

and twice the nominal thermal expansion coefficients. For zero
thermal expansion coefficients for both fuel and cladding. the PCT
decreased by about 25F; and for twice the nomfnal expansion coeffi-
cients, the PCT increased by about 15F. The small sensitivity to
thermal expansion, even for the axtreme cases, justifies the use of
nomfnal thermal expansion coefficients.

4.0 Variation of Perforation Stress Versus Temparature Curve

Tha purpose of this study was to determine the effect of changing
the parforation stress versus temperature curve from the standard
curve used. Two cases were studied, one for which the curve was
below all the data, and another for which the curve was above a
majority of the data points (see Figure 4). The change in the
calculated PCT compared to the base case was ~5F for the lower
curve, and +2F for the higher curve. For the lower curva, the
perforations occurred earlier and at ower temperatures; hence, the
effect of insfde metal water reaction was minimized and there was a
lar?er surface area for heat transfer on some rods for a longer
period of time. For the higher curve, even though perforations
occurred later, they occurred at higher temperatures where inside
metal water reaction is higher and hence a hi?her PCT. The important
conclusion from this study is that the sensit vity to time and
temperature of perforation has been reduced considerably with the
fmproved GBF calculation.

NS:cas:at/4T 4
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5.0 Varfation of Plenum Volume

The previous study determined the effect of time and tesperature of
perforation on PCT. This study determines the effect of the fnitial
plenum pressure on the PCT. To determine the effect of the fnitial
plenum pressure, the fnitial plenum volume was varfed from the

- nomfnal value by +40%. For the increased pressure, the calculated
PCT increased by 5F; and for the decreased pressure, ft decreased
by 1F. This study shows that the fuel rod internal pressures have
an insignificant effect on the calculated PCT. This is primarily
pecause the effect on the number of perforations is also small,
i.e., the nuaber of rods calculated to perforate did not change
when the volume was decreased (i.e., {ncreased pressure) but
decreased by only two rods compared to the base case when the
volume was increased (i.e., lower pressures). In this study also,
the time of perforation changed for the different conditions but
the sensitivity was small.

6.0 Vvariation of Grey Body Factor Calculation Time

D4 fferent rods are calculated to perforate at different times
during the heatup transient. As most of the rod swelling occurs &
few seconds before the rod s calculated to perforate, it is appro~
priate to calculate GBFs at the time of perforation of each rod. A
study was done to show the gensitivity of the PCT to two bounding
assumptfions about the calculatfon of GBFs. In one case, for the
radiatfon calculation only, it was assumed that the perforated rods
did not swell. In the second case, it was assumed that at the
first perforaticn all the rods had swollen to 23X strain in the
calculation of GBFs.* The second case is the procedure that is used
fn CHASTEO4. For the case in which no swelling was assumed, the
PCT was lower by about 20F compared to the standard case where GBFs
are calculuted at each perforation. For the second case where GBFs
were calculated assuming all rods swollen, the calculated PCT was
about 110F higher compared to the standard case. Figure 4 shows
the variation of PCT for the three cases. This study shows that
the PCT using the old (CHASTEO4) procedure was extremely conserva-
tive, and the degradation in radiation heat transfer is not very
large as & result of the perforation of a few rods, which js the
typical case in BWR loss~of-coolant accident calculations.

NS:cas/AT 5
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Westinghouse Water Reactor Nuctear Techneicgy Diviseen

Electric Corporation Bivisions Box 355
Pittsburgh Pennsyivsnia 1223

November 16, 1979

Mr. Darrell G. Eisenhut NS-THA-2163
Director, Division of

Operating Reactors

Nuclear Regulatory Commission

7920 Norfolk Avenue

Bethesda, Maryland 20014

Dear Mr. Eisenhut:

Letter NS-TMA-2147, dated November 2, 1979, responded to NRC concerns
related to the fuel rod models used in the Westinghouse LOCA/ECCS
evaluation model and potential non-compliance with the requirements of
10CFRPart 50. Table 1 of that letter included information on fuel rod
heatup rate prior to burst. That information was based on our initial
evaluation of the results of current LOCA analyses for Hestinchouse

plants with operatin? licenses. Subsequent to complietion and transmittal
of that letter, Westinghouse continued ijnvestigation cf heatip rate
calculations. As a result of that investigation, Westinghouse then
developed a procedure to determine clad heatup rate prior to burst., That
procedure keys on the calculated clad strain during the LOCA transient to
establish a starting point, in time, to use in the heatup rate-calculation,
That procedure was presented to NRC personnel during a meeting on November
13, 1979, in Bethesda, and was accepted on an interim basis, as adequate
with respect to Appendix K LOCA analyses. Table A shows the revision to the
heatup rates previously given in Table 1 of Letter NS-TMA-2147.

Inspection of Table A shows heatup rates, in some cases, less than
250F /sec.

In the current W ECCS Evaluation Model (Feb, '78) used for the above analyses,
a fuel rod burst curve which represents burst conditions for heatup rates
of 250F/sec and larger was used. From Table A, since some cases have

heatup rates less than 250F/sec and burst conditions change for lower

heatup rates, Westinghouse recognized that some of those analyses could be
non-conservative with respect to the time of rod burst.

Therefore, W performed an evaluation of all operating plants licensed with
the W ECCS Evaluation Model with respect to use of a heatup rate dependent
burst model. The heatup rate dependent burst model currently used in the ¥
Small Break Evaluation Model (documented in WCAP-8970-P-A "Wesiinghouse
Emergency Core Cooling System Small Break, October 1975 Model" and approved
by the NRC) was used in this evaluation.
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The results of that evaluation, the status of each plant evaluated and
Justification of conclusions reached ara as follows:

PLANT (1) - MODEL FEB. '78
FQ 2.31
PCT 2172

A new analysis was performed using the appropriate heatup rate burst
curve and water residing in the accumulator lines (not previously accounted
for) was considered. The resulting PCT was 21350F at an FqQ of 2.31.

Therefore, 10CFR50 criteria are satisfied.

PLANT (2) MODEL OCT. '75
F 2.17
PCT 2199

A LOCTA run was made using the Oct. 75 evaluation model with appropriate
heatup rate burst curves for Fq = 2.16, PCT = 2127 .

Use of Feb, '78 evaluation model, in particular the new accumulator discharge
model, will compensate for the AFQ, shown above, to maintain 2200°F. (This
is a burst node 1imited plant) '

" PLANTS (3) (8) (5) (&)

Since the heatup rate for the hot rod is greater than 25%F/second and the
PCT does not occur during the steam cooling period, the current analysis
for these plants remains valid.

PLANT (8) gousL gC{é '75
P 2188%

An Oct. '75 model LOCTA run was made using appropriate heatup rate burst
curves, Results were: FQ = 2,10, PCT = 2227.

Application of the "Dynamic Steam Cooling” modification of the Fab. '78
evaluation model will result in a 600F reduction in PCT and the Feb. '78
accumulator discharge model will result in at least a 200F reduction in
PCT. Results of a Feb. '78 model analysis are expected to result in a
PCT of approximately 21479F at an FQ of 2.10. .

Therefore, T0CFR50 criteria will be satisfied and there is no safety concern.

PLANT (9) MODEL OCT. ‘7%
F 2.25
PCT 2142
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Based on the results of a calculation for plant #(14), the use of
approximate heatup rate burst curves would result in a maximum PCT
increase nf 680F. Thus, the estimated {maximum) PCT = 2142 + 68 = 2210°F

at an FQ = 2.25,

The benefits assocfated with the Feb. 78 accumulator discharge model and
accounting for paint on containment heat sinks will result in a PCT reduction

well in excess of 100F,

Therefore, no safety problem exists.

PLANT (11) MODEL FEB. '78
Fg 1.90
PCT 2124

A LOCTA calculation was performed using appropriate heatup rate burst
curves. An FQ of 1.89 resulted in a PCT of 2161°OF.

Therefore, a peaking factor reduction of less than 0.01 is required for
this plant to remain in compliance with 10CFRS50. .

PLANT (12) MODEL 0CT. '75

Fi 2.21

PgT 2198
Based on analyses performed for plant #(15), a 15°F/second reauction in
clad heatup rate impacts hot rod burst to effect PCT by +42°F, Extrapolating,
a 179F/second reduction in heatup rate results in a 489F PCT increase. Use
of the dynamic steam cooling calculation on the accumulator discharge model

in the Feb. '78 ECCS evaluation model results in an estimated (600F + Z0OF)
800F reduction in PCT,

Therefore, a Feb. '78 model analysis would result in a PCT of 2198+48-80=2166°F

at FQ of 2.21 and no safety problem exists.

PLANT (13)  MODEL FEB. '78

Fg 2.05

PCT 2172
A LOCTA calculation was done using apprppriate heatup rate burst curves and
the results were:

Fq = 2:05, PCT = 2191°F

Therefore, no safety problem exists.
PLANT (14) gODEL FEB. '78

2.32
peT 2124
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A LOCTA calculation was done using éppropriate heatup rate burst curves
and the results were:

F_ = 2.32, PCT = 2192°F

Q
Therefore, no safety problem exists.
PLANT (15) MODEL FEB. '78
F 2,32
PET 2158

A LOCTA analysis was done using.appropriate heatuo rate burst curves and
the results were:

Fq = 2.32, PCT = 2200°F
Therefore, no safety problem exists.
PLANTS (15) and (17)

The latest licensing analyses have been verified to use appropriate heatup
rate burst curves and therefore remain valid. '

PLANTS (18) and (19)

A )

New LOCTA analyses. were performed using aopropriate heatup race burst curves.
The PCT was virtually unchanged. Therefores, no safety problem exists.

Basad on the detailed information provided above, the Westinghouse Safety
Review Committee concluded that two plants were found to require a reduction
of 0.01 in allowable core peaking factor to maintain a PCT of 22000F. Four
other plants have current analyses to the October, 1975 version of the
Westinghouse model and may require a peaking factor reduction. However, we.
belfeve that reanalyses with the most current Westinghouse LOCA/ECCS
evaluation model (February, 1978) would show that no changes are necessary.
That is, we believe margins available in this model will more than offset

any effect associated with the change in the fuel clad burst curve. A copy
of the NRC notification letter (NS-TMA-2158) recarding this issuo is attached.

The above information was also presented to the NRC
1979 meeting. P Staff at the November 13,

Following the November 1, 1979 meeting, Westinghouse has again rev

ORNL data quoted as a basis for HRC concern regarding adquacy of iggeg R;géndix

K blockage model. Cormparison of individual rod burst strains from ORNC data

to the.corresponding Westinghouse data which has used as a basis for our blockage
mode] indicates the ORNL data is in excellent agreement with the W data. Since the
axial distribution of the burst strains in the ORNL multi rod “wrst tast has
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been shown by ORNL to conform to local temperature distributions in the
specific heating rods used in the tests, conclusion as to the applicability
of the axfal distribution of bursts (which {is the parameter that relates
individual burst strain to flow blockage) cannot validly be made. Never-
theless, the blockages measured from the ORNL tests are similar to those
calculated by the Westinghouse model, which has been approved by NRC, when
due consideration is made in transiating blockages measured in 4X4 bundles
to blockages applicable to 15X15 or 17X17 rod fuel assemblies using accented
statistical techniaues. Thus, we believe no immediate action is 2ooropriate
with respect to reanalysis of plants using the proposed NRC blockage model
pending detailed review of the proposed model.

As & result of further investigation and evaluation, the following can be
concluded:

1)} A modification to the W model to account for the heatup rate
dependence is necessary for comoliance to Appendix K.

2) The impact of this modification is relatively small, effecting
only two operating plants in terms of requiring peaking factor
adjustments to meet the criteria of 10CFR50.46. The affected utilities
ana the NkC nave been edeguately infurnied.

3) Comparison of the Westinghouse data and ORNL data shows excellent agree-
ment and the current Westinghouse model, in the range of interest, is
still appropriate.

It is therefore concluded that no safety problem for Westinghouse plants
has been identified and all plants are in conformance with-NRC regulations
since the burst temperature modifications (1 and 2 above) are accounted for.

¥ery truly yours,

2
[4 ¢ C

T. M. Anderson, Manager
Nuclear Safety Department
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| TABLE A
REVISION TO HEATUP RATES TRANSMITTED
IN LETTER NS-TMA-2147
CASE HEATUP RATE (°r/sEC)
HOT ROD .  AUG OR ADJ ROD
1) 8.5 10.9
2) 20.3 13.1
3) 25.6 18.0
4) 25.0 15.4
- 5) 31.5 19.4
6) 27.4 23.8
7) (Not Westinghouse Fuel)
8) 19.1 7.4
9) 12.3 12.0
10) (Not Westinghouse Fuel)
M) 6.2 11.3
12) 8.0 11.4
13) 18.3 16.1
12) 9.3 . 14.3
15) 8.2 13.8
16) 39.6 23.7
17) 43.2 26.7
18) 22.7 17.6

19) 26.5 16.7

8}
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Westinghouse Water Reactor Box 355 .
Elez:rric° Corporation Divisions Pittsburgh Peraisynaria 13233

November 16, 1979
NS-TMA- 2158

Mr. Victor Stello

Director, Office of Inspection and Enforcement
U.S. Nuclear Regulatory (ommission

East West Towers Building

4350 East West Highway

Bethesda, MD 20014

Dear Mr. Stello:
Subject: ECCS Evaluation Model

This is to confirm our telephone conversation with Mr. Frank Nolan on Friday
afternoon, Novemder 2, 1979. In that conversation we reported a non-conserva-
tive feature in Westinghouse large break ECCS evaluation models.

The Nuclear Regulatery Commission staff met November 1, 1977, with representa-
tives of reactor vendors and nuclear fuel suppliers -- Combustion Enginesring
Inc., Exxon Corporation, General Electric Company, Westinghouse Electric
Corporation and Babcock and Wilcox Company. Utilities which operate nuclear
power plants were informed by NRC.

The purpose of the meeting was to discuss the staff's ongoing evaluation of
the results of tests on electrically-heated fuel assemblies conducted at the
Oak Ridge (Tennessee) National Laboratory, MRC indicated that emergency core
cooling system analytical codes currently used to evaluate the eftects of
postulated loss-of-coolant accidents (LOCA) might not be in compliance witn
NRC regulations. The portion of the codes in question deal with the effects
of fuel clad swelling and rupture and blockage of cooling water.

Subsequent to the meeting, Westinghouse performed a detailed evaluation of the
most recent analyses for operating plants and on November 2, 1579,
Westinghouse confirmed, in writing, that the impact of the intformation pre-
sented by the NRC has negligible impact on the LOCA analysis results of tne
plants licensed with the Westinghouse LOCA/ECCS evaluation model. The MRC
staff has concurred with this conclusion. :
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Mr. Victor Stello -2~ NS-TMA-2158

However, as a result of that detailed evaluation, Westinghouse has now recog-
nized that a non-conservative feature could exist in.the Appencix K LOCA
analysis with respect to the portion ot the calculation related to fuzi rod
burst. The potential ron-conservative feature of Westinghouse large break
£CCS evaluation models is as follows. The models use a curve which represents
fuel clad burst conditions for clad heatup rates of 25 F/sacond and yreater
The evaluation discussed revealzd that heatup rates could be less than
25*F/second. [During the LOCA transient, the tuel clad burst curve establisies
the time of clad burst and (since the clad temperature ang the pressure Jif-
ferential across the clad are.changing throughout th2 LGCA transiert) %ne
post-burst cenditiosns of the clad. The fuel ¢lad burst curve s dezengent on
the clad heatup rate prior to burst and a reduction in heatup rat2 ca.ses
earlier clad burst. A shift in clad burst time can affect the peak clac tem-
perature (PCT) calculated for the LOCA transient.

Therefore, in order to more fully evaluate this 2ffect, the clad heztup rate
prior to burst was determined from the most recant LGCA analyszs for those
plants licensed with the Westinghouse LOCA/ECCS evsigation model. Plants
having heatup rates less than 25°F/seccnd were reanalysed to ascertain tne
effect on peak clad temperature. 7Two plants (Turkey Point ‘Jnits 3 2nd d) were
found to require a raduction ¢f 0.0 in Fp to maintain a Feax C{laa Tempera=-
ture (PCT) of 22C0°F. A third plant, Indian Point Unit MNc. 2, wes nst
expected to reguira any Fg recuction, considearing the present PCT and avaii-
able sansitivity studies. Analys2s, underway at tha time Of cur talephcne
conversation, have now been completed and confirm this,

Four other plants, currently not operating {Trojan, North Anna Unit 1, [ndian
Point Unit 3 and D. C. Cook Lnit 2; nave current analyses to the October 3975
Westinghouse modetl and on that basis might requirs a reducticn in fp. HOw-
gver, we balieva that reanalyses witn the most recently aporoved westinghsuse
LOCA/ECCS evaluation modzl (February 1973) would show that no changes are
necessary. Tnat is, we believe margins available in this mocdel will more than
offset any effect associated with the change in the fuel clad burst curve.

We have advised the affected utilities of this unreviewad safety question. As
part of this overall evaluation, we are examining plants under construction
and will report as dappropriate. Please feel free to contact Dr. Vincent
Esposito (412-373-405%) if you should have any questions.

Very truly yours,

T. M. Anderson, Manager
Nuclear Safety Department

Jwpc
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et itz relsticmeby to ropture wie clad gressore &nd feseritore
effects,

If you Bave &=y quertions vegerdine this &tte:, plezee feel free to
eonreet Dr. Ausef Eocele or nf. Etephen B, Scehults of our Eoslesy Enplpssring
‘et Bevelo=emt Depsrtest,

Eincerely youre,
YAXTEEE 270E1C ELECTRIC GRS fEY

g &.\réé@ﬁ%,

L. E. Féseslay h
Eenf&EFies Frprident

Xt/ne
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Joyce P. Davis, Esquire

Law Department

Consolidated Edison Company
of New York, Inc.
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Richard Remshaw
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Consolidated Edison Company
of New York, Inc.

4 Irving Place

New York, New York 10003

Anthony Z. Roisman

Natural Resources Defense Council
917 15th Street, N.W.

Washington, D. C. 20005

Dr. Lawrence R. Quarles

Apartment 51

Kendal at Longwood

Kennett Square, Pennsylvania 19348

Theodore A. Rebelowski

U. S. Nuclear Regulatory Commission
P. 0. Box 38

Buchanan, New York 10511

John D. 0'Toole

Assistant Vice President

Consolidated Edison Company
of New York, Inc.

4 Irving P1ace

New York, New York 10003
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Ms. E1lyn Weiss

Sheldon, Harmon and Weiss
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