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FLORIDA POWER & LIGHT COMPANY

December 8, 1977
L-77-369

Office of Nuclear Reactor Regulation
Attn: Mr. Don K. Davis, Acting Chief

Operating Reactors Branch 52
Division of Operating Reactors

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

Dear Mr. Davis:

Re: Request for Additional Information
St. Lucie 1 Au mented S ent Fuel Stora e

Your letter of October 27, 1977, requested additional infor-
mation concerning our proposed increase in the spent fuel storage
capacity at St. Lucie Unit No. l. A response to each of the
questions is contained in the attachment to this letter. We
would be happy to meet with members of your staff to discuss
this information should that be necessary to expeditiously com-
plete their review.

Very truly yours,

Robert E. Uhrig
Vice President

REU/MAS:ltm
Attachment

cc: H. F. Reis, Esq.
Edward Reeves

pb00~

PEOPLE... SERVING PEOPLE
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Re: St. Lucie Unit l
Docket No. 50-335

.„S ent Fuel Au entation

ATTACf.MFA''

1. Question: Provide the number of grams of uranium-235 per axial centimeter
of fuel assembly that was used in your criticality calculations.
We intend to incorporate this information as a Technical Speci-
fication limit on fuel assemblies that are to be placed in these
high density storage racks.

Response: There were 41.448 grams of uranium-235 per axial centimeter of
fuel assembly used in the criticality calculations.

2. Question: Provide the nominal and minimum dimensions of the storage tubes.

Response: Nominal dimensions of the storage tubes are: 8.500 inches square
inside dimension, 9.000 inches square outside dimension, 168 1/4
inches long. Minimum dimensions are 8.375 inches square inside
dimension, 8.855 inches square outside dimensions, 168 inches long.

3. Question: Provide the change in k~ for this high density storage lattice
with a small change in uranium-235 enrichment.

Response: There is a 0.0061, h k~ change for a O.l weight percent uranium
235 enrichment change near the design enrichment.

4. Question: Determine and provide the maximum neutron multiplication factor
that could be accidentally obtained in a pool filled with spent
fuel assemblies in the proposed racks. Xn this determination,
include the possibility of accidentally moving a fuel assembly
as close as possible up to the outside of a filled storage module.

Response: The maximum neutron multiplication factor that can be accidentally
obtained in the pool filled with spent fuel assemblies, as dis-
cussed in Section 3.3 of the August 31, 1977 submittal, is no
higher than the design neutron multiplication of 0.95. Physical
constraints have been provided on the sides of the rack modules,
adjacent to the north and.east walls of the po'ol to preclude the
neutron multiplication factor from exceeding its design value
should a fuel assembly be placed as close as possible to the

. outside module. On the south and west sides of the, pool, the
racks are located so as to preclude the placement of a fuel
assembly between these walls and the racks.

5. Ques tion: Provide a list of all design codes, standards, specifications
regulatory guides and other standards which will be used in the
design, fabrication, construction and inspection of the fuel
pool racks...

Response: Specifications and standards applicable to St. Lucies 81 HI-CAP
fuel racks are as follows'



a.. Reg. Guide 1.13, Fuel Storage Facility Design Basis.
b. 'eg. Guide 1.26, Quality Group Classifications 'and Standards

for Mater, Steam and Radioactive Waste Containing Components
of Nuclear Power Plants.

c. Reg. Guide 1.29, Seismic Design Classifications.
d. Standard Review Plan, Sec'tion 9.1.2., Spent Fuel Storage.
e. ASHE Boiler and Pressure Vessel Code, Section III, Sub-

section NF, Article NF-3000 Design, Allowable Stress Limits.
f. ASHE Boiler and Pressure Vessel Code, Section IX.
g. CE Manufacturing Specification 00000-MD-0450, Rev. 0.

6. Question:'rovide more specific information on the loads, load combinations
and acceptance criteria which will be utilized in the design of
the racks. The staff position concerning this matter is indicated
in 3.8.4-II .3 and 5 of the Standard Review Plan. Identify the
magnitude of all loads considered in the design.

Response: The information requested is contained in paragraph 3.2 and
Table 3.2-1 of the August 31, 1977 submittal.

7. Question: Section 3.2 indicates that the time history method will be
used in the design of the racks. A comparison, for the damping
values that are used in the design, of the response spectra
derived from the time history and the design response spectra
should be submitted. It is noted that an additional 2% damping
due to submergence in water is used. This is not acceptable.
NRC position is that no additional damping may be used.

Response: The time histories utilized in the analysis of the fuel racks
were generated from 4% damped response spectra curves. The time
histories were input at the base supports of the rack modules.
A structural damping value of 2% for the racks and a hydraulic
damping of 2% ~to account for fluid damping by the pool, water
was used in developing. the fuel rack response. In accordance
with the intent of Standard Review Plan 3.7.1"Section II-3,
the use of a '2%'additional damping for the rack structure due
to submergence in water was based on test results contained
in AW.-CT-74-08, L~fFBR components, UC-79K,,"Added Hass and
Damping of a Vibrating Rod in Confined Viscous Fluids", M. W.

Mambsganss, S. S. Chen and J. A. Jedrzejczyk, September 1974,
Table 2, Test 1. The referenced data is for cantilevered rods
having approximately the same natural frequency in air as the
spent fuel rack module. The referenced data shows an increase
in damping of 2.88 percent for a seven rod array with a pitch"
to diameter ratio of 2.25. The rack cell pitch to cell width
ratio is 1.4. The referenced data also shows an increase in
damping of 1.66 percent for a fluid annulus D/d ratio of 1.5.
The effective fluid annulus ratio between the fuel assembly
and storage cell is 1.45. Based on this data, the use of
an additional 2 'percent damping is conservative.
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guestion: Provide sketches of the mathematical model of the fuel pool,
fuel storage rack and fuel assembly system which will be used
in the analysis. Illustrate on the sketches the mechanism
of shear and load transfer to the fuel pool walls and foundation
slab. Discuss the effects of sloshing water and possible impact
of the fuel assemblies with the rack.

Response: The mathematical models of the rack module and fuel were in-
eluded. in the August 31, 1977 submittal as Figures 3.2-1 and
3.2-2. ,The effects of pool water sloshing were determined for
a previously analyzed spent fuel rack. The procedure that was used
is'utlined in.TID-7024, "Nuclear Reactors and Earthquakes",
United States Atomic Energy Commision Division of Technical
Information, August 1963. Because sloshing is basically a
surface phenomenon and t'e racks were located well below its
depth of influence, loading from that source proved to be
negligible .
A . nonlinear time history method is used for the seismic analysis
of the spent fuel racks and gaps between the rack and fuel are
modeled directly. Whatever impacting occurs across these gaps,
therefore, has its proper effect on system response.

9. Question: It is stated that the rack will withstand the loadings imposed
by a postulated dropped fuel assembly. Describe the loads and
acceptance criteria and the design and analysis procedures
utilized in the design. Include a discussion of the maximum
drop heightconsidered in the design, the masses involved, the
kinetic energy at the point of impact and the amount of ductility
utilized to dissipate the kinetic energy of the impact.

Response:

10. Question:

The information requested is contained in paragraph 3.2 of the
August 31, 1977 submittal. Additionally, the kinetic energy
associated with the dropped fuel bundle is 27,000 in — lb.
This energy is conservatively assumed to be totally transmitted
through only one lead-in funnel section. The lead-in funnel
section yields until contact is made between the dropped fuel
bundle and the nonfunnel portion of the upper end of the
storage cavity.

During seismic excitation the rack modules would be subjected
to forces due to impact between the storage cans and the fuel
bundles in addition to the inertial forces. Discuss ho~~ these
forces were incorporated in the design of the rack system 'for
the local and overall effects indicating how the damage to the
fuel assemblies would be precluded.

Response: A detailed discussion of impact forces and inertial forces is
contained in paragraph 3.2 of the August 31, 1977 submittal.
These forces enter directly into the stress analysis of the
rack structure. Since CESHOCK searches the histories of the

~ impact forces for maxima, a comparison has been made to assure
that damage to the fuel assemblies is precluded.



11. Question: Discuss the extent to which the fuel. pool will be analyzed to
verify its ability to withstand the increase in overall loading
due to the proposed modification. Identify the loads and load
combinationsto be investigated and the acceptance criteria for
concluding that the structuxe is adequate. Provide the factors
of safety against sliding and overturning of the fuel pool under
OBE and DBE conditions in view of the increased mass of the pool.
The most critical values of friction coefficient should be used.

Response: A seismic. re-analysis of the Fuel Handling Building, assuming
the fully loaded augmented storage capability, was performed
using the methods discussed in Section 3.7 of the FSAR.
The loads and loading combinationsused in the re-analysis are
presented in Section 3.8.1.5 of the FSAR for Category I structures
other than Containment. The Fuel Handling Building with the new
fuel rack arrangement was found to be within FSAR acceptable
stress limits as presented in Section 3.8.1.6 of the FSAR.
The soil bearing pressures under the foundation mat were determined
using the additional loads from the fully loaded new rack arrange-
ment:: and were found to be within the allowable bearing capacities
stated in Section 2.5.4.10 of the FSAR.

The factors of safety against overturning and sliding of the
Fuel Handling Building under OBE and DBE are as follows:

OBE DBE

Overturning 8.0 5.0

Sliding
(b'ased on Tan 9)

7.0 4.3

Where III = angle of internal frictionof the soil = 40'.

As stated in paragraph 3.2 of the August 31, 1977 submittal,
a limiting friction coefficient of infinity was conservatively
assumed between the racks and pool floor for the horizontal
seismic analysis of the racks to provide the peak structural
loading of the rack members and pool interfaces.

12. Question'.

Response:

Discuss the extent'to whi'ch the behavior "of each, storage rack
module,was analyzed'hen fastened'o other modules within the
fuel pool. 'Discuss the effect on the rack design when only
some of the modules axe loaded with fuel.

The individual modules are not fastened to each other; instead
a clearance is provided between them that is sufficient to pre-
clude contact under any conditions. The requixed clearance was
determined from a series of CESHOCK runs that were made both
with and without fuel, using both earthquake components. A
clearance was provided that is greater than.. twice the largest
excursion of the limiting module in the pool.



13. Question: Describe your surveillance program for determining that the
fuel racks will maintain their design position during service
life.

Response: . The spent fuel racks are totally welded stainless steel structures
with no additional neutron poison material added. The structural
integrity of the racks and the results of the very conservative
nuclear criticality analysis preclude the neutron multiplication
factor from exceeding design. It is therefore concluded that .

no surveillance program is required.
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