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August 23, 1990
3F0890-19

'
U.S. Nuclear Regulatory Commission
. Attn Document Control Desk
Washington, D. C. 20555

Subject: Crystal River Unit 3 ,

Docket No. 50-302 ;

operating License No. DPT.-72
Technical Specification Change Request No. 175

Reference: NRC to FPC letter, "R9 quest for Additional Information on
Spent Fuel Pool Rerar,x," dated July 31, 1990.

Dear Sirt

Florida Power Corporation (FPC) is providing the attached additioital ;

information in support of Technical Specification Change Request No.175.
'

Enclosure 1 provides responses to questions 1-9 of the above referenced
letter. Enclosure 2 is FPC's response to an NRC informal request for
information made during a telephone conference call on July 26, 1990.
The NRC requested FPC to submit the estimated man-rem for each phase of '

the rerack modification.

'
Sincerely,

i

L

G.L. oldt
Vice President
Nuclear Production

GLB/GMF .

Enclosures

xc: Regional Administrator, Region II
Senior Resident Inspector

*|': \

9009n40173 900823
PDR ADOCK 05000302 f)8 i
P PDC v

1
,

|POST OFFICE DOX 219 * CRYSTAL RIVER, FLORIDA 326290219 * (904) 7954486
A Florida Progress Company

- . . . - . . . _ _ . . - _ _ - -, . - . - .- . .



,

-

,.
..

.

.

ENCLOSURE 1
Page 1 of 10

CRYSTAL RIVER RACK 8
RESPONSES TO NRC QUESTIONS

The following provides responses to the request for additional
information to facilitate the review of the Crystal River 3 rerack

,

application. '

OUESTION 1

It is stated that the nonlinear modal superposition method was developed
to analyze nonlinear structural dynamics problems involving impact
between components and Coulomb friction. Equation (8) in the submittal
(page 3-16, Letter from G. Boldt of Florida Power Corporation to NRC,
" Technical Specification Change Request No. 175," October 31, 1989) >

. provides a means for approximating the nonlinear term Q by Taylor series
with respect to time. The term Q may be in terms of the unknown variable
x, representing displacement, whereas terms in Eq(8) seem to indicate it
is a function of time. Assess whether Eq(8) is correctly presented and
demonstrate that mixed variables are correctly treated. Provide a
reference for such expansion. Normally, function f(x) is expanded in
terms of x.

RESPONSE

Equation 8 on page 3-16 of the October 31, 1989 submittal from Florida
Power Corporation correctly presents the equation for the generalized
pseudo force vector. It must be recognized, however, that the equation
is in its general form as presented on page 3-16. For clarification,
Attachment 1 is being submitted which provides additional information
from the WECAN user's manual concerning the modal superposition method
and the development of the equations. In Attachment 1, the equation for
the generalized nonlinear force (pseudo force vector) is shown as
equation 2.5.2-10 and is in the form specific to WECAN. .

The generalized nonlinear force vec, tor og as shown on the second page
L of Attachment 1 is a function of x, x, and t. Thus, the equation for the
' generalized nonlinear force as a Taylor series (equation 8 in general

form or equation 2.5.2-10 in WECAN specific form) is appropriately
presented.

. As a point of additional information, it should be recognized that a
l complete review of WECAN and the modal superposition methodology

(including the same equations presented on pages 3-14 through 3-16 of the
Florida Power Corporation letter) has previously been performed by the

, NRC on several occasions. In each instance, the code was found to be
| acceptable. As such, the WECAN modal superposition method has

successfully been used for all Westinghouse rerack seismic analyses
reviewed and approved by the NRC since 1980.

I
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QUESTION 2

Impact implies that there is a gap between support and member. It means
that Q is either piecewise linear or a jump function (discontinuous) not
having higher derivatives. Please discuss with a quantitative example
how this difficulty is overcome. Indeed, the function Q is required to
be an analytical function where existence of all the derivatives are
assured.

RESPONSE

Attachment 1 provides additional clarification as to the method used in
WECAN. For a given time step in WECAN, the generalized nonlinear force
term on the right hand side of the modal equation of motion (equation
2.5.2-8 of Attachment 1) is expressed as a first-order Taylor series in
t where the derivative of the force with respect to t is calculated as
the divided difference of the force over the previous time step (equation
2.5.2-10 of Attachment 1). In this manner, the estimate of the
generalized nonlinear force is continuous within each time step and an
appropriate solution is obtained. Note that the time step variation done i

to demonstrate convergence (discussed in response to question 6) also i

demonstrates that the nonlinear force approximation is negligible.

QlTSTION 3

In the submittal, page 3-16, it is stated that the uncoupled equations
are integrated analytically to eliminate numerical damping or frequency
distortion during integration. Provide a discussion cf the statement by
means of a simple example with nonlinear spring and gap. Demonstrate how
such distortions are eliminated by nonlinear modal superposition.

RESPONSE

The statement that the " uncoupled equations are integrated analytically
to eliminate numerical damping or frequency distortions" refers to the
fact that the uncoupled modal equations are solved exactly by integrating
analytically rather than by the use of numerical approximations which !

tend to introduce artificial damping or phase distortion. It is the
choice of solution method that avoids (" eliminates") distortions.
QUESTION 4

It is stated that the nonlinear model was run for the bounding cases
which account for the variation of parameters such as the friction ,

'

coefficient (0.2 and 0.8) and Region 1 and Region 2 rack structure. The
results from these runs include the fuel-to-cell impact loads, support
pad load, fuel rack structure internal loads and moments, support pad

.

i

lift-off, fuel rack sliding, and structural displacements. Provide ;

'corresponding values of maximum fuel and rack stresses and times for
lift-off and rack sliding to each of the bounding friction values of 0.2
and 0.8. Discuss the cross sensitivity study, for instance, between

l
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Taylor expansion time step variation with varying fricticn coefficients
(0.2 with at = 0.001 and At = 0.0001 and 0.8 with At = 0.001 and at =
0.0001) and see how much stresses and lift time change. If a cross
sensitivity study is judged unnecessary, explain why not.

RESPONSE,

Table 1 provides the results from the nonlinear time history analysis.
Presented are maximum rack and fuel loads and maximum rack displacements
for two dif ferent time step sizes. As discussed in the response to
Question 6, the time step evaluation was performed to demonstrate that
a converged solution has been obtained. A review of the results
presented in Table 1 indicates that comparable results have been obtained
for the two time step sizes. Thus, it is concluded that a converged
solution has been obtained and the results reported in the october 31,
1989 letter from Florida Power Corporation are appropriate.

QUESTION 5

Discuss the bases for the selection of the range for the rack sliding
friction coefficients. It is generally observed that sliding friction
coefficients are a function of velocity, thus making the danping term
nonlinear. This nonlinear term in damping does not appear in your
derivation. Discuss why it does not. If a simplifying assumption is
applied for computational convenience, discuss how such approximations
affect the final results in terms of the discussion provided in question
(6). If nonlinear damping is implicitly included in your derivation,
discuss the stability of the solution as is done in reference 4.

RESPONSE

The bases for the selection of the coefficient of friction at the rack
support pad to pool floor interface is the paper by Professor Earnest, ,

l Rabinowicz of MIT (" Friction Coefficients of Water Lubricated Stainless ;

Steels for a Spent Fuel Rack Facility," a report for Boston Edison
~

;

| Company, 1976). Based on the results of the extensive tests performed

'

by Professor Rabinowicz, it was concluded that conservative upper and,

lower bounds of 0.8 and 0.2 for the friction coefficient are justified.
In order to address the bounding cases in the analysis, both a case with
the coefficient of friction equal to 0.2 and a case with the coefficient
of friction equal to 0.8 were evaluated. For the case with the low
coefficient held constant throughout the analysis, the rack is allowed
to develop its maximum sliding displacement. For the case with a

| constant high coefficient, the rack develops its largest gross body
'

displacements and the corresponding largest rack loads. The high
coefficient of friction case also is the case which results in lift off
of a support pad. By this process of evaluating the bounding cases, the
maximum rack displacements and loads have been obtained.

I
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OUESTION 6
,

l

The submittal states, "The number of terms that can be included in the
Taylor series is determined by toe continuity of Q and its time
derivatives. The more the number c f terms, the larger the allowable i

integration time step." It appears that you already have a relationship )
between the number of terms in the Ta:' lor series and the size of the time 1

step. Please provide the derivation of the relationship. Relate this
relationship to the error propagation as a means of illustrating the
error bound (or approximation). Estimate of error propagation and its
bound has to be established for the reason stated in reference 1.
Reference 1 also provides an example as to how this is done in certain
(Ases. One may fine the importance of considering error bound in
reference 2 and 3 especially for complicated and nonlinear cases.

t

RESPONSE ,

The additional information provided in Attachment 1 documents the number
of terms of the Taylor series used in the modal superposition method of
WECAN. Demonstration that sufficient terms are used has been provided
by the extensive verification of the WECAN modal superposition method
which has previously been reviewed and approved by the NRC. The
verification includes obtaining modal superposition results and
demonstrating agreement with results obtained using the direct
integration method for a variety of problems.

! The time step appropriate for a particular problem is not determined by
l a predetermined relationship but rather by the nature of the particular

problem being solved. The appropriateness of the time step used must be
determined by demonstrating that a converged solution has been obtained.
This is achieved by obtaining results for two different time step sizes
(typically At and one half At) and demonstrating that comparable
solutions are obtained. As discussed in the response *.o Question 4, this

| has been donc for the problem at hand and the time step used has been
| shown to be appropriate.

OUESTION 7

Discuss how the 24" drop distance is arrived at (page 3-2).

RESPONSE

| The racks were designed for acc:ident load which include the impact of an
I accidental drop of a fuel assembly from maximum heights. The 24 inch

drop distance used in the analyses is the maximum height above the racks
when a fuel assembly is fully withdrawn into the handling mast.

'

QESTION 8

With respect to page 3-12, provide the bases for using 15% fuel assembly
impact damping assumption by means of the already available experimental
data and discuss how the data are applied in the analysis model (e.g.,

- - - - - - _ - _ . . - _ _ _ _ _ _ _ _ .
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consistency of assumptions made in the analysis and corresponding
experimental parameters).

RESPONSE
i

The spacer grid impact stiffness and damping values are derived from the
spacer grid impact testing. EG&G (NRC's Consultant) has reviewed and
approved B&W Fuel Company's (BWFC) method of grid impact testing and the

,

application of the test data to the fuel assembly seismic and LOCA |

analysis. The BWFC has received an approval letter from the NRC on
BWFC's method of reducing and applying spacer grid impact data to the |

fuel assiembly seismic and LOCA analysis. !

A detailed description of the spacer grid impact testing is provided in I
Appendix A of BWFC's Topical Report BAW-10133P, Revision 1. This topical
report is applicable to the BWFC 17x17 Mark C fuel assembly, 15x15 Mark -

B and 15x15 Mark BZ fuel assembly designs. The NRC has approved this
topical report for referencing in licensing applications.

OUESTION 9

Discuss how hydrodynamic mass is applied on the spent fuel pool wa'1.

design and the basis thereof.

RESPONSE

Hydrodynamic forces due to the acceleration of the fluid mass within the
spent fuel storage pools are determined in accordance with chapter (,

Dynamic Pressure on Fluid Containers, of AEC Publication TID-7024,
" Nuclear Reactors and Earthquake". For each horizontal acceleration
component the overturning moment of the fluid container, as a function
of the water depth to pool width, is obtained.

For application to the modol, the overturning moments due to each i

horizontal acceleration component is represented by an equivalent
uniformly distributed horizontal pressure applied to the walls of the
prol. The pressure applied to opposite walls acts in the same global
direction, i.e., a positive pressure to one wall and a negative pressure
to the opposite wall. This system of forces accounts for the increase
and decrease of hydrostatic pressure applied to opposite walls due to the
horizontal acceleration of the water mass.

Vertical hydrodynamic forces are taken as the mass of the water
multiplied by the zero period acceleration from the floor response curve,
for elevation 14 3 '-0" . This load is applied as a uniform pressure to the
bottom slab at elevation 118'-4".

A discussion on hydrodynamic mass is also presented on page 3-11 (2nd and
3rd paragraphs) and page 3-12 (paragraph 3.5.2.5, Fluid Coupling) of
FPC's Technical Specification Change Request No. 175 submittal, dated
October 31, 1989.

l
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TABLE 1
|

NONLINEAR RESULTS VS TIME STEP I
1

....................

|

Load or Displacement Value For Time Sten 1 Value Egr Time Sten 2"*

4

l

Maximum Vertical Load 3277 lbs. 0 8.98 sec. 3202 lbs. @ 9.00 sec.
per cell

i

Maximum Fuel Assembly 305 lbs. @ 11.33 sec. 283 lbs. 9 14.52 sec.
Spacer Grid Load

Maximum Support Pad 0.0019 in. 0 11.84 sec. 0.0022 in. 9 11. 85 sec.
Lift-Off

Maximum Rack O.31 in. 0 11.85 sec. 0. 28 in. S 11.85 sec.
'Displacement

(east-west direction)

I
| Maximum Rack 0.32 in. 0 18.53 sec. 0.32 in. 9 18.59 sec.
| Displacement
| (north-south direction)

' Time Stop = 0.00143 sec. ;

** ime Step = 0.00067 sec.T

{ !
1 i

AEA-90-144
i

!

!

'
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