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ENCLOSURE

OYSTER CREEK NUCLEAR CENERATING STATION

Additional information regarding the following is requested.

A. High-Density Spent Fuel Rack Dynamic Structural Analysis

psased on the review of the recently submitted responses by Joseph Oat
Corporation (consultant to Oyster Creek) [1, 2] and the information pre-
sented in a meeting with Joseph Oat at Franklin Research Center on May 7,
1984 [3], the following questions are prepared for additional information
and/or clarification.

L.

In the referenced meeting [3] and responses submitted on May 10 (2],
Joseph Oat indicated that the equivalent gap was developed to take
into account the hydrodynamic effects on all four sides of the

rack. The following reasons are given for this concept of equiva-
lent gap:

a. The seismic loading should be equal to zero when taking the
average of the complete seismic input time history.

b. The hydrodynamic mass, according to Fritz [4], is related to the
sap (g) by the following expression:

Hydrodynamic mass = My = Constant
g

Please respond to the following questions:

a. Provide the technical basis as to why the seismic loading will
be zero; even if this is true, it is not clear how this would be
used to justify the proposed approach.

b. Provide a discussion of why, at the instant the motion starts,
the rack is assumed to be at an artificial center position in-
stead of its actual position.

Regnouse to Question #1

Siace the seismic motion is essentially vibratory, the excitation
imparted to the structures is one characterized by a large number of
harmonic inputs. Harmonic inputs, by definition, have a zero net
integral. A statement to this effect was made at the above ref-
erenced meeting to allay the reviewer's concern that the rack may
move towards the most proximate rack and impact it before the mathe-
matical model, predicated on g, 6 would predict the incidence of
impact. In our response, we point out that the mathematical model
for the rack seeks to replace a highly coupled system of vibrating
bodies, to one wherein the rack vibrates inside a fictitious con-
tainer attached to the ground. The coupling and hydrodynamic masses



2.

3.

are estimated by centering this rack in that container. This as-
sumption is merely consistent with the rest; not in itself neces-
sarily conservative. The conservatism, perhaps an excessive amount,
is introduced at earlier steps in the model wherein a complete
coherence of motion of all fuel assemblies at all times during the
earthquake is enforced, all fluid drag effects are neglected, etc.

Recent research on the non-linear hydraulic coupling effect between
vibrating bodies subject to harmonic excitations confirms the in-
tuitive result that the smaller gap provides more of an inertial
resistance to its closing than a larger gap. Consequently, an
eccentrically placed body will tend to center itself if subjected to
harmonic excitation of sufficient magnitude.

These concepts have provided the rationale for the model used by Oat
in analyzing high density racks.

In the referenced meeting [3], Joscph Oat Corporation indicated that
the seismic loading in three directions was applied simultaneously
to the model. Please indicate whether these three input time his-
tories are statistically independent as specified by Regulatory
Guide 1.92 [5].

Response to Question #2

This rack was designed on the basis of one horizontal seismic motion
and one vertical seismic motion. The time histories associated with
these two motions are statistically independent as specified by
Regulatory Guide 1.92. In order to study what we feel is the most
severe condition (i.e., a 3-D seismic input), the one specifiea
horizontal component was broken into two compunents acting along the
rack x ands y directions, respectively.

With respect to the influence of coefficient cf friction to the rack
displacement, the following table is prepared L.ised on the outputs
given in Joseph Oat's submittal [6]:

Loading Coefficient Maximum
Case  Rack Condition of Friction X-Displacement
i E Full load 0.8 0.125
F Full load 0.8 1.298
i E Full load 0.8 0.125
E Full load 0.2 0.655
iii F Full load 0.8 1.298
F Full load 0.2 0.535



With reference to the above table, please respond to the following
questions:

a. For case i, racks E and F are very similar with the exception
that E is higher that F. Explain possible reasons why F has
higher maximum displacement.

b. For cases ii and iii, please provide possible reasons why a high
coefficient of friction in case ii produces smaller maximum
displacement and high coefficient of friction in case iii pro-
duces higher maximum displacement.

c. Please provide disolacement and base support reaction time
histories for case i (both racks E and F) with the following
coefficients of friction: 0.2, 0.4, 0.6, and 0.8, If this
information is not available, it is strongly recommended, as a
minimum, that outputs for coefficients of friction 0.2 and 0.8
should be generated for review.

Response to Question #3

While it is true that racks E and F are very similar in total mass
and shape, there are some differences, which, when coupled with the
highly non=linear nature of the problem, can account for the dif=
ferences in maximum displacement.

a. Rack F has somewhat less stiffness for bending in the x
direction.

b. Rack F has shorter legs which leads to higher vertical stiff-
nesses in these members.

¢. The gaps, simulating the spacing between ad jacent structure used
to calculate the virtual fluid masses, are somewhat different.

d. The location of the support feet (in the x-y plane) is somewhat
different for each rack type.

Graphs showing the reaction force history in each of the legs for
rack E (run 10) and for rack F (run 51) have been provided to FRC.
The results are for full racks, COF=.8, and are listed as case i in
the FRC table. We can see that there is a substantial difference in
behavior. Note that a zero value for any foot load implies that the
foot has lifted off. The feet labelled "1,2", are in the positive x
half of the base, while the feet labelled "3,4" are in the negative
x half of the base plane.

Up to about 4.5 seconds into the event, both racks show essentially
the same foot behavior. That is, only one foot loses contact.
Subsequent to this point, the behavior differs markedly. For rack
F, we see considerable rocking, where 2 feet are off the ground. We
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cannot ascertain whether sliding is occurring from this data, but
certainly at about 13.5 seconds into the event, a third foot has a
relatively low compressive load. Rack E shows most of its rocking
motion between 2 seconds and 8 seconds, while the rocking of rack F
is carried through the entire event. Note from the graphical re-
sults that the peak compresrsive load on a single foot generally
correlates well in time with the occurrence of the maximum displace~-
ment. We conclude that the differences in maximum displacement are
to be expected given the differences in the rack rocking behavior
under the seismic event.

With respect to Response No. 3 of Reference 1, please confirm
whether the following information is true:

a. For a coefficient of friction of 0.8, maximum displacement
always occurs at the instant three support legs are lifted off
the pool floor and the rack never gets into the sliding mode.

h. For a coefficient of friction of 0.2, the maximum displacement
always occurs in the sliding mode and the rack never lifts off
the pool floor.

Als>, please respond to the following question:

For the case where three support legs are lifted off the pool floor,
please indicate a typical number of time steps during which they are
off the floor. It is noted that this is a completely unstabie con-
figuration in which the rack itself loses all of its reristing
capacity against the motion along the horizontal directi ¢, wad the
chance that the two horizontal components of seismic inp ¢ wotion
would form a stable balance (no rotation of the rack) is -ewote.
Please address this concern.

Response to Question #4

We cannot confirm the generality of the FRC statement. From the
detailed data presented here, what we are willing to say is that the
maximum displacement under a specified 3-D earthquake probably
occurs when either three feet are off the ground and the rack is
pivoting about the fourth foot, or when two feet are off the ground
and a third foot is sliding.

We are not clear on the meaning of the FRC statement concerning
unstable configurations. It is precisely because we have recognized
the possibility of pivoting about a single foot that we have gone to
the detail of a 3-D model. Our model admits the possibility of
gross rotation about the z axis; when and if this occurs equilibrium
is still satisfied since the moment due to the seismic input is
balanced by the moment due to the inertia forces.



With respect to Response 2 of Reference L, Joseph Oat Corprration
indicated that the fluid coupling term represents the hydrodynamic
mass contribution due to motion of the plane of symmetry in anti-
symmetric motion. Please respond to the following questions:

' Since the analysis was carried out for cne rack at a time, indi-
cate whether the model has the capability to identify symmetric
or antisymmetric motion. For symmetric motion, please confirm
whether this plane of symmetry exists and how the gap is treated.

According to the Joseph Oat Corporation approach, the planes of
symmetry around a rack, in effect, will form four rigid walls
around the rack and have the motion of the pool floor. Provide
a technical basis to validate this approach. In reality, it is
most likely that the fluid will cross these planes of symmetry,
and there should be free interaction between racks.

Response Lo Question #5

The response to this question is best answered by reference to
Figure 1 attached. FRC is correct in their ascertion that in
general all racks will move independently. However, the extremes
are as shown on the figure. In the antisymmetric mode, we can
define hypothetical planes of symmetry and use Fritz's relation for
virtual fluid mass based on the nominal gap. In this case,
inter-rack impact potential is most severe. In the symmetric mode,
no such symmetry plane can be defined, except at infinity. The
fluid virtual mass expression used here is the value for an isolated
rack. Note that in the symmetric mode, postulated, inter-rack im=
pact is precluded and rack stress levels are the only considera-
tion. Because of the infinite number of possibilities, we have
chosen to study only the two extreme cases; these extremes are
applied to both horizontal directions in any specific run.

B. Speant uel Pool Analysis

1. The Licensee stated that different finite element models were used
for static and dynamic (seismic) analysis of the fuel pool slab, and
that the results of the two analyses are compared to det~rmine the
dynamic load factors. The resulting small value of 0.005 (Page 8-7
[7]) of the seismic multiplying factor does not seem to confirm the
conservative nature of this approach.

® A clarification of this comparison and the unusually small value
of dynamic amplification factor is requested.

®  Please provide information on how the effect of a 40-ft column
of water was included, and on the lumping of the distributed
mass to 9 master degree of freedom.



Information is also requested describing how the effects of the
wall hydrostatic and hydrodynamic pressures on the slab were
considered.

Response to Question #1

small value of dynamic amplification factor of .(G05 for the
response of the pool floor itself (and the column of water)
reflects the fact that the vertical seismic acceleration itself
is relatively low and that the structural 9 DOF model for the
floor uses 7% damping reflecting the predominate concrete
structure.

Wall hydrostatic and hydrodynamic effects are not included in
the model. To permit disregard of these effects, we have
assumed simply supported boundary conditions to exist on the
three edges not abutting the reactor walls. The reactor wall
was assumed to be completely fixed against rotation. The weight
of the walls was included, however, so that we could approximate
the correct column reactions.

The effect of the 40 ft. head is accounted for by defining an
effective density for the concrete slab. Thus, the water weight
is accounted for in the dead weight ANSYS analysis, and its mass
is also included in the ANSYS eigenvalue analysis. The effect
of the racks and the fuel assemblies are accounted for in the
dynamic foot loadings.

A clarification of the determination of amplification factors is
given below:

(1) The ANSYS model of the floor is used to determine the
behavior of the floor under the dead weight of the floor
plus the 40' of water.

(2) The ANSYS model is also used to determine the behavior of
the floor under the dead weight of the racks plus as-
semblies. This case is analyzed under the assumption that
the loading is a concentrated loading applied at 9 interior
points and a series of points around the euge of the slab.
The location of the concentrated load points approximates
the location of the rack feet groups (from 2,3, eor 4
ad jacent racks).

(3) The output from the above static runs are floor moments and
floor displacements. Of importance to the derivation of
amplification factors are the displacements at the 9 chosen
interior points.



(4) We next use the ANSYS model for an eigenvalue-eigenvector
analysis. We choose the lateral deformation of the 9
locations mentioned above as the master degrees of free-
dom. We need not make any judgment on mass lumping since
ANSYS does the lumping based on our speciflication of the
degrees of freedom. With reference to p. 8-3 of the
Licensing Document, the output from the ANSYS analysis, the
¢ctual seismic time hiscory in the vertical direction, and
the output of the floor load time history from our indi-
vidual rack analysis, provides us with all of the informa-
tion to write the 9 equations:

Z2(t) +w2z(e)=¢c () n=1,2..9
n n n n

where w, are the natural frequencies of the reduced
system (obtained from ANSYS) and G,(t) are known func-
tions. Thus, by using the ANSYS model, we are able to
derive the information necessary to develop a 9 DOF floor
model which can be used to generate dynamic displacements
of the floor slab.

(5) The Joseph Oat dynamic program DYNAHIS 1is used for the
above 9 DOF model to study the slab dynamics first under
the vertical seismic event alone, and then under the rack
support loads (applied at each of the nine locations simul-
taneously). The output from the dynamic analysis (maximum
displacement at each location) is compared with the static
displacement obtained from ANSYS and an average amplifica-
tion factor is obtained. These factors are then used to
amplify the static floor moments which are then compared to
the ACI allowables.

The Licensee has stated (Section 8.2.2) that the stiffness and
strength of concrete are based on complete cracking of concrete.
Please provide information whether the section capacities listed in
Tables 8.2 and 8.3 are also based on the same assumption.

Please provide information on whether properties of the slab were
calculated on an orthotropic or isotropic basis, and how the varia-
tioa of reinforcement on the two faces of slab and in different
directions was accounted for.

Response to Question #2

The section capacities listed in Tables 8.2, 8.3 are based on com-
plete cracking of the concrete. The slab properties were calculated
on an orthotropic basis for use in the ANSYS model. That is, the
actual reinforcement in the two orthogonal directions was used to
compu.e «ffective properties. The effective properties of the beam

-] -
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elements were computed using the actual locations of the rein-
forcements as ascertained for the GPU drawings. For the ANSYS
analysis, the properties based on the water side being in tension
were used (as opposed to the rack side of the slab in tension).

The thermal loading has been based on a 21°F temperature differen-
tial across the slab depth. The thermal moment due to a temperature
gradient is calculated by a formula given on page 8-6 [7] which uses
the effective Young's modulus, E*, for a homogeneous slab. VYlease
provide full details on the calculation of E* and the conservatism
of using cracked sections in this calculation, if it was based on
this assumption.

Response to Question #3

The calculation of the effective E* is based on a standard strength
of materials approach which calculates a new neutrai axis reflecting
the number and location of reinfercing rods, accing in tens‘on. A
balance of forces evolves the location of the new neutral axis; a
calculation of the moment curvature relation about the new neutral
axis then gives

M *
K EI

which defines E* based on I = H3/12 (1-vZ), H being the slab
thickness.

Since the thermal moment gives compressive stresses in the rack
side, the E* used is based on tension in the water side concrete.
An E* effective is used to be consistent with the remainder of our
analysis. Since we compute an ultimate carrying capacity based on
cracked concrete, it is consistent to use the same assumpiion to
compute the thermal moment. Use of the actual E in the thermal
moment equation simply predicts that the concrete must crack, thus
relieving the moment.

The floor slab moment capacity from Table 8.2 [7] (Mu = 48,350
Ib=in/in) seems quite low in comparison to the other values. Please
confirm the correct value.

Response to Question #4

The floor slab moment capacity of 48,350 in.#/in. is in fact low in
this area because the imbedment length of the reinforcement in this
area (water side of the slab in compression) is less than called for
by ACI. Therefore, in this area, a reinforcement maximum stress of
6000 psi was used, per ACI, to account for the less than fully
effective reinforcement rods.
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RACK MODELLING

ANTI-SYMMETRIC MODEL
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