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Dr. P.T. Kuo
Structural Engineering Branch
Ro om No. 550
Phillips Bldg.
7920 Norfolk Avenue
U.S. Nuclear Regulatory Commission
Bethesda, MD 20814

Dear Dr. Kuo:

This letter report describes the work performed by BNL on the review and
evaluation of the buried fuel tanks utilization the Diablo Canyon Plant. The
work was completed in May of 1983 and the results were presented in a public
meeting held in Bethesda, MD on June 17, 1983.

As a consequence of this meeting some
refined models were performed. Results of
in a "follow~p" meeting h'eld in Bethesda,
report summarizes the BNL efforts for this
considered as complete.

addi tional inves tigations using
the latter studies were presented
MD on July 6, 1983. This letter
particular task which is now

Essentially, the work carried out under this task, can be subdivided into
the following three categories ~

1. Review of soil structure interaction (SSI) models used by Harding and
Lawson Associates for the 1978 and 1982 seismic evaluations ~

2 ~ Develop SSI computer models and calculate stresses and safety
factors'.

Construct refined models and perform SSI seismic evaluations.

A more detailed description of each of the above items is given 'oelow:

1 ~ The work carried out by Harding and Lawson on the seismic evaluation of
the buried tanks was reviewed ~ Specifically this review included:
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a) The Harding and Lawson results reported in the seismic part of the
1978 report (see Ref. 1).

b) The Harding and Lawson 1982 remnalysis described in the letter
report (see Ref. 2).

The objective for reviewing the 1978 work was to idertify a variety of
data, i.e., soil properties, damping values, etc., needed for the subsequent
BNL evaluations'he dynamic response of the tanks due to the Newmark-Hosgri
event vas revieved on the basis of the 1982 remnalysis results. The FLUSH
model of the soil-tank system used by Harding and Lavson in the 1982
re-analysis is shown in Fig. la. A lumped mass model was constructed (see
Fig ~ 1b) with the fluid modeled as lumped masses rather than finite elements.
The objective for developing this model was to obtain a quantitative
appreciation of the effect of the fluid on the seismic response of the tank ~

Seismic responses due to the Newmark-Hosgri earthquake applied in the
horizontal direction using the lumped mass model were obtained with the FLUSH
computer program. The results of this analysis are shown in Table 1 together
with the corresponding results from the Harding and Lawson 1982 re-analysis.
By inspection of the results shown in Table 1, it can be concluded that the
results obtained by Harding and Lawson differ significantly from the
corresponding results obtained by BNL via the lumped mass model. It was felt
that this difference cannot be justified on the basis of the sloshing effect
alone which is not included in the lumped model. The sloshing effect would
usually be expected to alter the response by 10 to 20%. Sloshing frequencies
were calculated and found to be very lov, i.e., 0.1 Hz. As such, they should
not have important effects on the response of the tanks In view of this, BNL
concluded that the signikicant differences between the Harding and Lawson
model and the lumped model constructed by BNL were due to the fluid elements
used in the Harding and Lavson model.

In reviewing the computer printout from the FLUSH code, it was observed
that the Poisson's ratio value used for the fluid elements was equal to
0.4999, whereas, the instructions in the FLUSH manual clearly state that this
value must be below 0.49. Thus, initially it was suspected that this was the
problem. In reflecting upon this problem and the flexural ring modes that
occur in such a structure, BNL came to the conclusion that such nodes could
not exist in the Harding and Lawson model because of the inappropriate fluid
modeling. Specifically, as a result of the finite element descretization used
by Harding and Lawson, the fluid is not allowed to perform its natural motion.
Results from a finer grid indeed, proved this BNL position.
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2. The subtasks completed under the second work category are:

a) BNL FLUSH model development.

b) Deconvolution
studies')

Soil-s tructure interaction response evaluations ~

d) Evaluation of stresses and safety factors.

The FLUSH model, shown in Fig. 2, was used for the response evaluation of
the soil-tank system normal to the tank axis (transverse response). Inside
the trench, it was decided to construct the model in a similar fashion to the
one used by Harding and Lawson (Z-Z section) for the 1982 re-analysis. The
major difference, however, was that the mass of the oil was lumped at the
walls of the tank. This approach although, somewhat conservative, was found
to be more appropriate than that of the fluid element idealization employed in
the 1982 re-analysis model by Harding and Lawson. Furthermore, in the BNL
model, the transmitting boundaries were moved further away from the tank
walls'his was done to avoid possible reflections at the boundaries.

Before performing any response evaluations with this model, deconvolution
studies were undertaken. The Newmark-Hosgri acceleration pulse was used at
the surface and by deconvolution the input at the base of the soil-tank system
was obtained. For the deconvolution studies the SLAVE code was employed. Re-
sults from the SLAVE code were compared with those obtained from the FLUSH
code. The two results matched quite well.

Using the FLUSH model and the deconvolution results described above, the
response of the tank was evaluated via soil-structure interaction analysis.
Frequencies up to 30 Hz were included ~ Horizontal and vertical evaluations
were carried out. In these evaluations, the Newmark-Hosgri acceleration time
history was applied directly at the base of the soil-tank system- In addition
to these evaluations, analysis were made with the acceleration time history
o btained from the deco nvolution.

Due to the nonlinearity of the problem, five iterations were performed in all
evaluations, i.e., horizontal —vertical and with — without deconvolution.

The results of the soil-structure interaction evaluations were moments,
axial and shear forces associated with the beam elements representing the tank
walls'ased on these results, a stress evaluation was carried out. The
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seismic stresses obtained by BNL were then combined with the static stresses
given by Harding and Lawson in their 1982 static re-analysis. Based on the
total stresses (i.e., static dynamic) safety factors were computed. In
evaluating the safety factors the same approach as that used in the 1982
re-analysis was employed. These safety factors are depicted in Fig. 3.

3. At the first meeting with the project staff held on June 17, 1983, BNL's
position was that the fluid modeling used by Harding and Lawson was crude. It
was felt that because of this, the response evaluation of the tank performed
by Harding and Lawson could be inappropriate. To prove .this position, BNL
carried out some further investigation which included the following subtasks:

a) Development of a B%, refined FLUSH model.

b) Code modification to include fluid elements.

c) Soilmtructure interaction evaluations using the BNL refined model.

d) Evaluation of a partially filled case.

The BNL refined FLUSH model is shown in Fig. 4. This model was
essentia1ly constructed from the Harding and Lawson 1982 re-analysis model.
The finite element grid of the fluid, however, was as can be seen
substantially, refined. Two types of soil properties were assigned to the
model. These are the ZZ and YY section properties.

As aentioned, the FLUSH code was, modified to include a fluid clem nt.
Other modifications were also made to obtain stress response waveforms for the
fluid element. This permitted the evaluation of the so called "tensile
stresses" in the fluid elements. Computer runs were made with values of
0.4999 as well as with fluid eleaents.

Soil structure interaction evaluations were performed in the horizontal
direction only. These were felt to be sufficient to prove the BNL conten-
tion regarding the modeling problem associated with the Harding and Lawson
1982 analysis model. Two sets of runs were made using the ZZ and YY section
soil properties. Results are sumnarized in Tables 2, 3 and 4 ~ From these it
is clear that the refined model results are closer to the corresponding lumped
model results. It is also fairly clear that the Harding and Lawson 1982 model
differs significantly from both the refined and the lumped model. Further-
more, the responses from the YY model indicated that this model is more criti-
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ical than the ZZ model. From very limited investigation, it also seems that
even higher response would result if YY section properties were to be used
together with deconvolution. Finally, initial computer runs made with
partially filled tarks also resulted in higher response values. Zn these
initial studies, the partially filled tank was simulated by using the model
described in Fig. 4 and by assigning very low stiffness values to the top
fluid layer so that it approximated a 90X filled case. For such a case, the
bending, particularily, at the top portion of the tank increases. The reason
for this is that due to the upward motion of the fluid inside the tank there
is less fluid resistance to the tank deformations ~

erely Q urs,

Mor is Reich, Head
Structural Analysis Division

)'m
Enc los ur es
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TABLE 1

COMPARISON OF MOMENT RESPONSES

HARDING AND LAWSOH
MODEL FIG. la

45

35

354

361

95

BNL LUMPED MASS

MODEL FIG. lb

588

348

1133

1038

199

2285

2356

(Uni ts: ft-1 1/ft)
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