EX(ON NUCLEAR COMPANY, Inc.

2101 Horn Rapids Road
P. O. Box 130, Richland, Washington 99352
Phone: (509) 943-8100 Telex: 32-6353

December 10, 1979

Mr. Richard P. Denise

Acting Asst. Director for Reacto. Safety
Division of Systems Safety

Office of Nuclear Reactor Regulation

U. 8. Nuclear Regulatory Commission
Washington, D. C. 20555

Dear Mr. Denise:

In your letter to me dated November 8, 1979, you requested that
Exxon Nuclear review the draft report "Cladding, Swelling and Rupture
Models for LOCA Analysis'" and provide written comments to you. You
also requested that we specifically address the topics for discussion
set forth in the enclosure to your letter. The attachment to this
letter provides our responses to your requests. Our comments regarding
the draft report are included within the response to the six discussion
topics you transmitted.

Our principal conclusion from the review is that the rupture/
blockage data in your draft report supports the conservatism of the
current ENC rupture/blockage model. The data does suggest that a
temperature ramp rate effect may be incorporated into the ENC rupture/
blockage model to remove unnecessary conservatisms.

Please contact me should you have any questions regarding this

report.
Sincerely,
‘//’49’ & (e
¥ & D
G. F. Owsley, Manager
Reload Fuel Licensing
GFO: gf
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ATTACHMENT to ENC Letter, G. F. Owsley to R. P. Denise, dated December 10, 1979

ENC COMMENTS ON NRC DRAFT REPORT NUREG-0630 !
CLADDING, SWELLING AND RUPTURE MODELS FOR LUCA ANALYSIS

TOFIC 1
w

Confirm that the lirecaloy cladding models displayed in Section 4.0 and which
are referenced in Section 5.0 are the modele that are used in your licensing
LOCA analyses. Confirm that your models have been dieplayed accurately (i.e.,
to within + §%). If you are unable to respond affirmatively to the above
results, provide the appropriate references and describe the discrepancies.

Reference (a) has properly referenced and displayed the ENC rupture/blockage
model except for the definition of thin wall hoop stress. As specified in the
FNC documentation (Page 14 of XN-75-6), ENC uses the definition of thin wall
hoop stress appropriate for rupture conditions where the internal pressure is
much greater than the external pressure,

g =

AP 1.
: 1

This definition of hoop stress is appropriate because the rupture/blockage data
15 usually taken under low external pressure conditions (atmospheric external
pressure) and the conditions at time of runture predicted by the ENC model are
after blowdown when the external (system) pressure is near atmospheric.

In reference (a) the average clad radius is used in the equation for hoop stress
rather than the inside clad radius, r ., used by INC. Average clad radius to
evaluate hoop stress appears to have been used consistently in the reduction

of data for reference (a). In order to be consistent with the NRC's average
radius definition of hoop stress, the curves in reference (a) corresponding to
ENC models should be shifted to 8% higher hoop stress values. This slight
displacement does not affect the conclusions of reference (b) that ENC models
and analyses remain in accordance with 10 CFR 50.46, Appendix K. Furthermore,
sensitivity calenlations were made which confirmed that this small shift does
not affect the conclusions of references (c) and (d); application of the NRC

rupture/blockage model would not affect licensing limits on plants licensed
with ENC analyses,

TOPIC 2

The loeatiom, magnitude and shapee of superplastic strain peaks and low-ductility
valleye eannot be determined precisely from prototypical rod burst teste because
‘here are too few euch experiments with enough controlled variables. Do you

nave any information that would 8uggest altering the shapes and magnitudes of

the strain and blockage correlation ocurvea?

Blockage
ENC considers that blockage models should be based directly on multi-rod test

data.(PIhe bases of the ENC blockage model is the original ORNL multi-rod burst
tests'°. ENC considers that the results of the original ORNL MRBTs continue to

be applicable. Their principal shortcoming is that the results are very likely
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overly conservative at high temperatures (e region) since the inert atmosphere
of these tests precluded oxidation and accompanying clad embrittlement. The
recent multi-zod burst data (fast and slow temperature ramp rate) was shown in
reference (b) tc he well represented by the ENC blockage model. It is noted
that the magnitude of the multi-rod blockage data plotted in reference (b) has
not been reduced to account for the fact that smal) bundle blockages are greater
than large bundle blockages as discussed in reference (8). It is concluded that

on the basis of multi-rod test data, the present pNC blockage nodel is in con-
formance with 10 CFR 50.46, Appendiv K.

ENC considers that the methods used in reference (a) to extrapolate single rod
burst strain to flow blockage are overly conservative for two reasons: first,
the non-prototypic uniform environment in single rod tests leads to higher burst
Strains than would occur in a fuel assembly and, secondly, the reduced axial
extent of strains in the a + & and 8 low ductility regions was not considered.

Burst tosts on the effoct of localized temperatures have shown that the small
circumferential and axial temperature variations rypical of rods in fucl assemblies
significantly reduce burst strains, Because of the high degree of thormal uni-
formity obtained in single rod tests, the Nature of the hallooning and rupture
process leads to burst strains which tend to be higher than can be expected in a
fuel bundle. Equating maximum strains achievable in 4 SRET to the maximum local
strain in a rod bundle and then using MRBT results for the ratio of maximum

Strain to average strain leads to bundle flow blockage results higher than
anticipated in fuel assemblies and higher than fourd in MiBTs. This is why the

NRC model curves bound the MRET data in reference (aj with such large margins.

The a to a + g region extrapolation method used in reference (a) to create the

NRC blockage mode] only accounted for the effect of reduced ductility in the
circumferential direction; the method did not account for the additional reduction

in blockage caused by the reduced axial extent of ballooning that also exists in

the low ductility region. The reduced axial extent of the ballooned region

decreases the coplaner nature of a blockage and, thus, reduces the magnitude of

the biockage. Taking the axial extent of the billoon to be reduced in proportion

to the circumferential strain implies the blockage would bhe reduced in proportion

to the square of the circumferential strain. This squared rather than linear
proportionality is confirmed by the original ORNL data which included multi-rod

tests in both the o and o 8 regions. The ratio of the average blockage in the

@ and o + £ regions was .32, while the corresponding average strain ratio was

0.62 and the strain ratio squared was 0,38, Thus, che square of the strain

ratio conservatively predicted the o « 8 region blockage from the o region blockage
data. Figure 1 shows the low ramp rate blockage predictions (data points) using

this squared method. The points shown on Figure 1 represent the key ANL low ramp

rate data (5°C/sec) used by NRC to construct the low ramp burst strain and

blockage curves in reference (a). The method used to convert this single rod -
data to flow blockage was identical to that described in reference (a), excent
that the squared Strain method was used to account for the reduced axial extent
| of blockage. The ENC blockiage model is shown in this ficure to conservatively
represent this key ANL data. Furthermore, the i\ model gressly oversstimates
the blockage in the 2 region due to lack of consideration of exidation effects,
and should be revised to be more consistent with the new data taken in a steam
envirssment,
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Based on the above, it is concluded that the ENC rupture strain and blockage
model adequately represents the new strain and blockage duta (except for an
overconservatism in the low ramp rate & region) and meets the criteria of

10 CFR 50,46, Appendix K. The ENC strain and blockage model will be revised
to remove the overconservatism in the g phase region for low ramp rates.

't is ENC's recommendation that the low ramp rate hlochage model in reference
(a) be revised in the a + 2 and & regions to consider the reduced axial extents
of strain that are associated with the a + ¢ and & regions as suggested above.

TOPICS 3 ¢ 4

Moet of the resent (sinse 1074) prototypisal dara were eurported by publie

funds and are vublioly available. Ie Sacrefore apreave vetisgl and benzfileial
to develop atandardized rupsure temperature, strain, mmd blockage eurves.

The eurvas in the repore (or modifisctions that we might maks) coulsd serve
ag an interim Licensing sicndind, and an induetry etandandis cormittes eoul

develop revigad sumeg bosad on pregent cnd Juture rezearch pegults.

a

It may be aspropriare +o requivg tiat avpvovad tencar elzdding modele be
revieed to vonform with the cecrrelationa thar {17 apraar in the final veraiom
of the report. If Jour present modele arse in goreement With, op coneervatively
overpredicot, the NRC ecrrelations over +he range of temveraturs omd atrese of
intereet, and if JOU Wish not to ehange your present CUrLee, your ECOS model

- v
’

revieion could 8imply coneiat of explioit limits on the range of appiicability
of yowr correlaticna.

ENC would support the concept of an industry standard comnittec to develop revised

curves providing this committce weuld have the authorization to recommend changes in

the model as new data becomes available, The interim curves should be developed
hased on the recommendations presented in Topics 1 and 2 and should be such that
the rupture strain and rupture blockage curves remain consistent; that is,
trends In rupture strain and blockages shoyld be consistent so their combined
effect in ECCS caleulations 1s properly predicted,

TOPIC 5

The alphaeplue-beta girain and blookaze "valle.g" POrTray a real phenomenon,
but the exact losation of the very 8teep aidea of the valley may e wnimouahle

for veal LOCA conditions. Sersitivity amaluses
uncertainties in the 1-satiom of *he surves and in
temperature and 8trase, but this would have the effzor of narrowing she allowable
caleulated valley and areating q peeudo eingularity in thne zlyeta, It might

be better Fop the licensing analyets to be ineemai+ive to thig feature.

ould be dome to asoount Sor
o prediction of the mpture
2

Lk’ |

-

The [NC rupture/blockage model (inherent ] composite) conservatively has a narrow
"valley", The new fast ramp data shows this "valley" to be substantiaily wider
with shullower sides than the present ENC model, and the slow ramp data shows

no “walley" at all (2 side remeved). The NRC blockage model for the slow data
also shows a much shallower slope on the u side. It 18 also noted that the NRC
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mode] is already a bounding model with respect to strain and blockage. Further,
since flow blockage is a bundie average parameter, the effect of rod-to-rod
variations or uncertainties in rupture stress 15 not considered sigrnificant.
Thus, the necessity of an uncertainty analysis is not apparent. In any event,
ECCS analyses by each individual vendor should be treatel consistently with
regard to how rupture/balloon considerations are used to determine allowable
licensing limits,

4

TEPIC &

The on-going KRC regearsh precavam hag produced data over a wide range of
conditions, Based on discussions with those performing toenging LOCA
analyses, <t appears thas the actual rarge of intereet may be quite narrow,
and that the Future program ecould be benefizially foousad om a narrover
range.

ENC considers that future resecarch programs on rupture blockage should be
directed toward the rupture stress range of interest to confirm the low
blockages that exist in the & + 2 and g regions under slow ramp rate conditions.
In addition, future Programs should include more of the temperature variations
between and around rods that are typical of reactor LOCA conditions. Smail
circumferential and axial temperature variations have been shown to reduce
rupture strain and blockages. The more uniform temperature that exists in
single and multi-rod tests to date are considered to have produced overly con-
servative blockage results. Future tests need to include:

0 Guide tubes.

o Typical local power distributions.
0 Axial power distributions consistent with license limits,
0 Future tests should discriminate betwoon

(1) Failure undet blewdown hydraul:ic conditigns;
{11)  Failure under adiabatic heatup conditions; and
(iii) Failure under reflood hydraulic conditiong,
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NOTED REFERENCES

(a)

(b)
(e)
(d)

(e)

NRC Draft Report NUREG-0630, "Cladding, Swelling and Rupture Models for
LOCA Analysis," dated November 8, 1979

ENC letter, G. F. Owsley to D. G. Eisenhut, dated November 2, 1979
ENC letter, G. F. Owsley to D. G. Eisenhut, dated November 7, 1970
ENC letter, G. F. Owsley to D. G. Eisenhut, duted November 16, 1979

ORNL #752 dated January 1972,
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