Docket No. 50-410

Niagara Mohawk Power Corporation

ATTN: Mr. Philip D. Raymond I
Vice President - Engineering

300 Erie Boulevard Hest

Syracuse, New York 13202

Gentlemen:

By letter of November 20, 1972 the Commission’s Requlatory staff

requested that you provide the necessary analyses and other relevant

data for determining the consequences of densification and the effects

on normal operation, anticipated transients, and accidents, including

the loss-of-coolant accident. Your response of January 3, 1973 stated

that the General Electric report NEDM-10735 "Densification Considerations

in BUR Fuel Design and Performance," December 1972, serves as your answer

to our request. : , >

As you are aware, five additional proprietary supplements to NEDM-10735

have been submitted by General Electric Company in response to questions
raised by the staff as a result of our review of NEDM-10735 and the

succeeding supplements. ‘

The enclosure represents the staff's conclusions on BWYR fuel densification
as a result of our review and provides the essential elements to be included
in your analyses to account for the effects of fuel densification in the
‘Nine Mile Point Nuclear Station Unit 2 core. Therefore, we request that
you provide the necessary analyses and other relevant data for determining
the consequences of densification and the effects on normal operation, antici-
pated transients, and accidents, including the postulated loss-of-coolant
accident, using the guidance provided in the enclosure. If the analyses.
indicate that changes in design or operating conditions are necessary to
maintain required margins, you should submit proposed changes and operating
Timitations with the analyses.
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“In order that the Reéulatony staff can conduct an expeditious and orderly

review of these matters, ve request that you submit the analyses and
additional information within 45 days from the date of this letter.

It s

requested that this information be provided with one signed or{iginal and
thirty-nine additional popies.

* . Sincerely,

Original signed by
Robert A. Clark

Robert A. Clark, Chief
Gas Cooled Reactors Branch
Directorate pf Licensing

. Enclosure: '
Model for Fuel Densification . et
, Distribution:
" ce: Arvin E. Upton, Esq. AEC PDR
| Eugene B, Thomas, Jr., Esq. Local PDR
James P. McGranery, Jr., Esq. Docket File
LeBoeuf, Lamb, Leiby & MacRae GCR Reading
1821 Jefferson Place, N.M. V. A. Moore
Washington, D.C. 20036 . J. Hendrie
’ A. Kgnneke
J. Bruce MacDonald, Esq., Deputy D, Ziemann
Commissioner and Counsel W, Haass
New York State Department of 0GC
Commerce RO (3)
99 lashington Avenue . “A. Bournia
Albany, New York 12210 H. Gearin

Ms. Suzanne Meber
78 West Seneca Street
Oswego, New York 13126

Ecology Action
c/o Mr. Richard Goldsmith
Syracuse University

College of

Law

E. I. Hhite Hall, Campus
Syracuse, New York 13210

BWR Branch Chiefs
TR Branch Chiefs
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GE MODEL FOR FUEL DENSIFICATION

The General Electric fuel densification model is described in

'NEDM-10735 and Supplements 1, 2, 3, 4, and 5 to NEDM-10735 (see references

1 through 6). The GE model when modified as described below is considered
to be suitably conservative for the evaluation of densification effects
in BWR fuel.

Possible effects of fuel densification are: (1) power spikes due to
axial gap formation; (2) increase in LHGR because of'pellet length shorten-
ing; (3) éreep collapse of the cladding due to axial gap formation; and
(4) changes in stored energy due to increased radial gap size. Similarly,
the GE model. for fuel densification ponsists of four parts: power spike
model, Tinear heat generation model, clad creep collapse model and stored
energy model. The required modifications to each of these models are
listed below.

Power épike Model

The GE-power spike model is acceptable as it is described in NEDM-10735
and Supplement 1 to NEDM-10735 and'modified in Supplement 5 of NEDM-10735
as long as it is used in conjunction with a maximum axial gap size given
by the following equation: : |

N =(29—552—'&- +0.004) L

where AL = maximum axial gap length’
L

&

0.004 = allowance for irradiation induced cladding growth and axial"

fuel column length

mean value of measured initial pellet density (geometric) -

strain caused by fuel-clad mechanical interaction







‘where: alL

v R
. ~ ‘

Linear Heat Generation Model

The following expression should be used to calculate the decrease in

fuel column length in determinations of the linear heat genération rate:

AL = 0:965 =€
2

decrease in fuel column Tength

L

&

Credit can be taken for fuel column length increase due to thermal

fuel column Tength

mean value of measured %nitia] pellet density (geometric)

expansion, and for the actual measuyed length of ‘the fuel column.

Clad Creep Collapse Model

) Examination of exposed BWR fuel rods (Ref. 5) and Regulatory staff
calculations show that clad collapse will not occurin typical BWR fuel
Auring the first cycle of operation. Consequently, no additional creep
collapse ca1cu1ations‘are required for the first cycle of typical BWR fuel.

For reactors in subsequent cycles of operation the GE creep collapse
model, described in NEDM-10735 and its supplements, should be used with
the following modifications:

1. The equation used to calculate the change in ovality due to

the increasing creep strain should account for the ovality
chénge due to change in curvature as well as for the ovality

change due to change in rod circumference.
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2. A congervative value should be used for the clad temperature.
Axial temperatdre variations in the vicinity of a fuel gap as
affected by thermal radiation from the ends of the pellets and
by axial heat conduction should be taken into account. Effects
from any buildup of oxide and crud on the clad surfaces should
also be considered.

3. The calculations should be made for the fuel rod having the
worst combination of fast neutron flux and clad temperature.

4. No credit should be taken for fission gas pressure buildup.

5. No credit should be taken for end effects. An infinitely long,
unsupported length of cladding should be assumed.

6. Conservative values for clad Qa]l thickness and initial ova]ityﬂ
shou1g be used. An acceptable approach is to use the two standard

deviation 1imit of as fabricated dimensions.

Stored Energy Model

The GE stored energy model is based on U02 thermal conductivity and
heat capacity given in Section D of Reference 6, a flux depression factor
of 1.0, and a gap coefficient of 1000 Btu/hr-ft2 F applied to each fuel
rod within the hot fuel assembly. The selection of the gap coefficient
in this model should be modified as f?]]ows.

(1) Changes in gap conductance due to variations in LHGR, gap

size (or g/D) and initial fuel pellet density should be

accounted for.
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(2) A gap conductance vs. LHGR curve that based on available

experimental data p}edicts with 95 percent confidence that

90 percent of future events will exceed predictions, should
be used.
(3) Instantaneous densification should be assumed, i.e., pellet
0D and gap size should be calculated using the following equation:

ar = 0:965 594. + 20

where: Ar = reduction in pellet radius
r = initial pellet radius

0" = standard deviation in the measured probability

distribution of pellet density

(ﬁ = mean value of measured initial pellet density (geometric)

fication, should be used for the selection of the gap conductance
vs. LHGR curve.

(4) The fuel pellet located at the most critical position for
normal operation, anticipated transients and postulated accident
conditions should be analyzed with the densified pellet size as
given by the equation under item (3).

(5) In calculations which are sensitive to bundle stored energy,
for the 48 neighboring pellets in the same horizontal plane,
the standard deviation used in the equation can  be replaced

|
|
|
The gap size and pellet, 0D, corrected for instantaneous densi-
by the standard deviation in mean boat pellet density.






(6) Since the assembly average stored energy is one of the most

‘ important inputs to BWR LOCA evaluation, a Technical Specification

1imit should be imposed on maximum permitted assembly power.
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