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December 23, 199

Dr. S, L. Wy

Reactor Systems EBranch

Office of Nuclear Reactor Regulation
U.S. huclear Rej ulatory Commission
Mail Stop BE23

Washington, DC 203585

Dear Shih-Liang:

This letter is intended to summarize the status and the open issues that
remain with the Vermont Yankee Nucle.r Power Corporation (VYKPC) submittal of
the FROSSTEY code. The open issue that remains in this review 1s in the
conservatisms that need (o be applied in FROSSTEYZ code licensing analyses.
This 1ssue was first raised in NRC's letter dated March 9, 1990 (Reference 1)
reégquesting further information, The licensee provided a written response to
Reference | in a letter dated March 6, 1991 (Reference 2) that was found to
not adequately address the issue of conservatisms for FROSSTEY2 1icensing
analyses. A lett.: was prepared by PNL dated Augus* 19, 1981 that addressed
the conservatisms that need to be included in fuel performance code licensing
analyses. This letter was forwarded to the licensee for their information.

Discussed during a conference call on October 28, 1991, among VYNPC, NRC, and
PNL consultants was how VYNPC intended to address the open issue; however, the
VYNPC verbal responwe has been found t. be inadequate for the reasons cited in
this letter. As noted in my August 19, 1981 letter to you, industry LOCA
analyses have traditicnally included the uncertainties in the fuel performance
code input, e.q., dimensional uncertainties in fabricution of fuel rods,
uncertainties in the fuel performance code calculation 1tself, and any biases
that may exist in the code. Also noted in my previous letter, the conserva-
tisms used by industry for LOCA analyses in the recent past have been such
that there has beer a 95% probability at a 95% confidence level that the
predicted LOCA stored energy will be bounding.

VYNPC staff suggested in the las® conference call held on October 28, 1991,
that based on their cample calcuietion for a boiling we.er reactor {BWR)
design, provided in their March 199] response to questions, the FROSSTEY? code
i1put uncertainties for commarcially-fabricated fuei rods for licensing
gnalyses such as LOCA are egual *o or grester than the code caiculational
untertainties, VYNPL _taff appear L0 be sugoesting that the FROSSTEY?
Vicensing input for the code satisfactorily covers the conservatisms necessary
for 10CA stored energy and that the uncertainties in the FROSSTEYZ code
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calculations do not need to be considered. | have evaluated this clain by the

V:N:C staff and have concluded thay there are several problems with tned

claim, :
i

First, the translation of code input uncertainties to the uncertaintis: o
fuel stored energy is of different magnitudes for different fuel designe. The
?rantest differences exist between pressurized-water reactor (PWR) angd TWR

ue! designs, VYNPL ttaff have indicated that they intend to apply FROSSTLVZ
to both PWR and BWR designs. Therefore, the calculated uncertainiies 1n BWR
fuel stored energy a3 induced by BWR fuel input uncertainties are not applics:
ble to input-induced uncertainties in PWR fue) stored energy.

Second, my own assessment of the uncertainties in the FROSSTEY? code com
pari’ ons to exper =anta) date suggests that the standard deviation, o, of this
comparison, in te ¢ of stored energy, 's approximately equal to the increase
in stored energy | “ave the best estimate value) induced by the BWR commercial
rod input uncertas s o5 to FROSSTEYZ. Therefore, the conservatism in the
FROSSTEY? calculaten stored energy resulting from the VYNPC proposed licensing
input of BWR commercia) rod dimensional uncertainties 15 significantly lecs ﬂ
than the conservatism currently used by industry. The ievel of conservatism
currently used by industry 1t such that the LOCA stored energy will be
bounding based on a 95% prebability at a 95% confidence level including both
input and code calculational uncertainties.

Third, the LOCA uncertainties for stored energy should ideally include both
the uncertainties in the commercial fuel rod dimensions, 1.e., o' (commercial
fuel rod input), plus the uncertainties in the FROSSTIY2 code calculation,
i€, 0 (FROSSTEY cude). The latter uncertainty 15 difficult to determine
because the uncertainties in the FROSSTEY? code comparisons to experimental
dava inherently includes the uncertainties in the fabrication of the experi-
mental fuel rods [o lexperimental rod input)], uncertainties induced by ihe
experiment o (experiment )], and FROSSTEY2 calculational uncertainties

[e" (FROSSTEYZ code)].

VYNPC staff have assumed that the dimensional uncertainties of the experi-
mental fuel rods plus the other experimental umcnrtaint;es are much greater
than the FROSSTEY? calculational uncertainties [i.e., o' (experimental rod
input) + o (experiment) >»a' (FROSSTEY2 code)] and, therefore, they can ignore
the FROSSTEY2 calculational uncertainties. It is more 1ikely that
2 (FROSSTEY? cude) 2o (experimental rod input) ¢ o'lexperiment). The V.JPC
assumption also assumes the commercial rod input {fabrication) ungevtainties
are equa) 16 those for the pxperimental fuel rods plus the other experimental
uncertainties. | do not believe the VYNPC assumption is valid because the !
input dimensicnal unterteinties for the experimental rods are significantly
lower than for commerciaglly-fabricated rods because the former input, in most
cases, 15 based on the actua) mean measured dimensions and fabrication chavac: :
teristics of the experimental rods following fabrication. Therefore, the l
input uncertainties for the experimenta) rods arve significantly less than for |
commercially-fabricated rods. In addition, experimentally-induced uncertain ,
ties are hard to determine. }
|
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for your background information, the only instance in the past where NRC
approval was provided for a fuel vendor’s fuel performance code for calcu:
lating LOCA stored energy using only code input uncertainties &8 proposed by
VINPL staff, was for a code that had a large conservative bias in calculated
stored energy that bounded the uncertainty in the code's pregiction. This is
, not the case for the FROSSTEY? cede because 1ts thermal predictions are

: considered to be best estimate although the code appears to provide a somewha!
i conservative prediction of fission gas release.

Bazed on the above discussions, | continue to recommend that FROSSTEYZ include
the conservative apgroach for LOCA stored energy as discussed in my August 19,
§ 1991 letter to you.

Licensing analyses of end-of-1ife rod interns) pressures should normally
ing¢lude uncertainties in input due to variabilities in fabrication, but also
the uncertainties in the FROSSTEYZ predictions of fission gas release. The
uncertainties in the code’'s thermal predictions does not need to be included
because this is incorporated in the fisston gas release prediction uncertain:
ties. The rod internal pressure calculations should also include transients
up to the linear heat generatio. rate technical specification limits, The
transfents should be included throughout the 1ife of the fuel rod and their
number thould bound those possible during normal operation and anticipated
operat fonal occurrences,

The fuel melting calculation should not only include fabrication uncertainties
hut should also include those transients from anticipated operational oc-
currences and include the effects of fission gas release during these
transients on the code thermal predictions,

1t 15 anticipated that additional review will be required once we receive
VINPL's response on how they intend to handle FROSSTEYZ code input and
calculational uncertainties for licensing analyses.

' If you have questions on the above, please feel free to call me.

Sincerely,

I Carl . Beyer
, Reactor Systems and Fuel
: Perfermance Section

a.r
1
CEB-dse
|
|
|

T Ef Thomas, NRC
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REFERENCES
Letter, V.S, Nuclear Regulatory Commigsion to Vermont Yankee Nuclear
Power Corporation (NVY 90-05)) dated March %, 1990.

Letter, Vermont Yankee Nuclear Power Corporation te U.S. Nuclewm
Regulatory Commitsion (BVY 91-024) dated March 6, 199].




e L

DATE

Docket to. 50.27) Anuary 2H, 194

Mr. L. A, Tremblay
Licensing Engineer
Vermont Yar‘ee huciear
Power Corpovation
E80 Ma‘n Street
Bolten, Massachusetts (174C-1398

Pear Mr, Tremblay:
SUBJECT: OPEN ISSUES ON FROSSTEYZ CODE (TAC NC., MEB216)

Enclosed ‘s a summary report from our corsultant Battelle Pac'fic Northwest
Laboratories (PRL) concerning the open ‘ssues of the FPOSSTEY? code review
follow'ng a conference cal) between Vermont Yankee Nuclear Power Corporation and
NRC on October P8, 1991, We endorse our consultant's findinge, and th's summary
report constitutes our position on FROSSTEYZ,

Singerely,

Original signed by:

Patrick Sears, Project Mansger
Project Directorate 1-3
Division of Reactor Projects 1/11
0fffce of Feactor Regulation

cc w/enclosure:

See next page
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Mr. . Gary We'gand

Prestdent § Chief Executive Officer
Vermont Yankee PYuclear Power Corp,
RO, £, Box 160

Ferry Road

Erattleboro, Verment (5201

Mr, John DeVincent's, Vice Pres‘dent
Yankee Atomic (loctr‘c Company

580 Main Street

Bolten, Massachusetts 01740.1398

Reglonal Administrator, Reglon |

U, €, Nuclear Pegulatory Comm'ssion
47% AVlendale Read

King of Prussfa, Pennsylvania 10406

R K. Gad, 11!

Ropes & Gray

One Irternational Place

Poston, Massachusetts 021102624

Mr, W. P, Murphy, Senfor Vice President,

Operations

Vermont Yankee Nuclear Power Corporation

R.D, §, Box 169
Ferry ‘ead
Brattleboro, Verment 05301

Mr, Pichard P, Cedano, Comm‘ssioner
Vermont Department of Public Service
120 State Street, 3rd Floor
Montpelier, Vermont (5602

Public Service Roard

State of Vermont

120 State Street
Montpelier, Vermont 05602

Chairman, Board of Selectmen
Town of Vernon

Post Office Box 116 '
Vernon, Vermont O053%4.0116

Mr. Raymond N, McCandless
Vermont Division of Occupational
and Radiological Healt
Admintstration Buildin
Montpelier, Vermont 085602
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G. Dana Disbee, Fsq,

Office of the Attorney General
[nvironmental Frotection Pureau
Ctate Nouse Frnex

25 Capito]l Street

Concord, Yew Hawpshire (33016037

Mr, James Pelletier

Vice President - Eng'neering
Vermont Yankee Nuclear Power Corp,
Po Oo EUX 16" "'r, po.d
Brattiebore, Vermont 0830)

besident Inspector

Vermont Yankee Nuclear Power Stat'on
U.S, tuclear Regulatory Commission
P, 0. Box 17

Yernon, Vermont (4354

Chief, Safety Unft

0ffice of the Attorney Genera)
Cne Ashburton Place, 19tn Floor
Boston, Massachusetts 02108

Mr, David Rodham, Director
Massachusetts Civ*'l Defense Pgency
400 Worcester Road

P.O., Box 1496

Framingham, Massachusettes 01701.0317
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calculations do rot need to be considered. | have evaluated th's ¢laim by the
V;NPC staff angd have concluded that there are several problems with their
clamm,

First, the trantlaton of code 1nput yriertainties to the uncertainties i»
fuel stored energy is of different magnitudes for different fuel detigns. The
greatest differences exisi between pressurized-water reactor (PWR) ang EWR
fue! designs. NPL staff have indicated that they intend to apply FROSSTENE
to both PWR gn  WR tesigns, Therefore, the calculated uncertainties in EaR
fuel stored energy as 'nduced by BWR fuel input uncertainties are not abplica:
ble to input-induced uncertainties i~ PWR fuel stored energy.

Second, my own assessment of the uncertainties in the FROSSTEY? code com
parisons io experimental data suggests that the standard deviation, o, of thig
comparison, in terms of stored enerqy, 15 approximately equa’ to the increase
in stored energy (above the best estimate value) induced by the BWR commercial
rod 1nput uncertainties 1o FROSSTEYZ. Therefore, the conservatism in the
FROSSTEY2 calculated stored energy resulting from the VYNPC proposed 1icensing
input of BWR commercia) rod dimensional uncertainties is significantly less
than the conservatism currently used by industry. The level of _onservatism
currently used by industry 15 such that the LOCA stored energy will be
bounding based on & 95% probability at a 9%% confidence level including both
input and code calculational uncertainties.

Third, the LOCA uncertainties for stored energy should ideally include both
the uncertainties in the commercial fue! rod dimensions, i.e., o' (commercial
fuel rogd input), plus the uncertainties in the FROSSTEY2 cede calculation,
t.e., o' (FROSSTEY! code). The lelter uncertainty 15 difficult to determine
because the uncertainties in the FROSSTEYZ code comparisons to ecperimental
data inherently includes the uncertainties in the fabrication of the experi-
mental fuel rods [o (experimentai rod input)], uncertainties induced by the
pxperimegnt (o (experiment)], and FROSSTEYZ calculational uncertainties

(o' {(FROSSTEY2 code)].

VYNPC staff have assumed that the dimensional uncertainties of the experi-
mental fuel rods plus the other experimental uncertainties are much greater
than the FROSSTEY2 colculataona\ uncertainties [i.e., o'(exper mental rod
input) + ' (experiment) >so’(FROSSTEY? code)) and, therefore, they can ignove
the FROSSETEY2 calculationa] uncertainties. |t is jnore Tikely that

o (FROSSTEY2 code) »2 (experimenta) rod input) + o “lexperiment). The VYNP(
assumption also assumes the commercial rod input (fabrication) uncertainties
are ogual to those for the experimenta) fue) rods plus the other experimental
yncertainties. | do not believe the VYNPC assumption is val‘d because the
input dimensional uncertainties for the experimenta) rods are significantly
lower than for commerzially-fabricated rods because the former input, in most
tases, iy baseu on the actual mean measured dimensions and fabrication charac-
teristics of the experimental rods following fabrication, Therefore, the
input uncertainties for the experimental r- *-a gionificantly less than for
commercially-fabricated rods. In addition ‘=entally-induced uncertain
ties are hard to determine.
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For sour background information. the onily instance 1n the past where NRC
approval was provided for & fuel vendor's fuel performante code for calcu-
Tating LOCA stored energy using only code input uncertainties as proposed by
VINPC staff, was for a <ode that had & large conservative bias in caleulated
ttored energy that bounded the uncertairty in the code's prediction. Thig 1
not the case fer the FROSSTEYY code be.ause 1ts thermal predictions are
considered to be best ett mate althouyh the code appears to provide a somevhat
conservative prediction of fission ga: release,

Eased on the above discussions., | continue to recommend that FROSSTEYZ inclyde
the conservative approach for LOCA stored energy as discussed n my August 19,
1991 letter to you.

Licensing analyses of end.of-11fe rod internal pressures should normally
inglude uncertainties in input Gue to vartabilities in fabrication, but alse
the uncertainties in the FROSSTEY? predictions of fission gas release. The
uncertainties in the code's thermal predictions goes not need to be included
becsuse this 15 incorporated in the fission Qas release prediction uncertain
ties, The rod internal pressure calculations should also include transients
up to the linear heat generation rate technical specification Timits. The
transients should be included throughout the 1ife of the fuel rod and their
number thould bound those possible during normal operation and anticipated
operational occurrences.

The fuel melting calculation should not only include fabrication uncertainties
but should also include those transients from anticipated operational oc-
currences and include the effects of fission gas release during these
transients on the code thermal predictions,

It 15 anticipated that additional review will be required once we receive
VYNPC s response on huw they intend to handle FROSSTEY2 code input and
calculationa) uncertainties for licensing analyses.

If you have guestions on the above, please feel free to call me.

Sincerely,

Car]l £. Beyer :
Reactor Systems and Fuel
verformance Section

CEB:duc

¢cc:  EE Thomas, NRC
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