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Source of Fig. 9 - Summary of the 1987 Bay of Plenty, New Zealand Earthquake, EQE
International, 1987.
The earthquake magnitude was a ML = 6.2. The focal depth of the earthquake was estimated at 6
miles. The earthquake produce approximately 6 miles of discontinuous surface rupture and a
complex main scarp about 3.5 miles long striking southwest roughly 0.5 miles east of Edgecumbe.
No strong ground motion instrumentation was available, but EQE investigators estimate
horizontal pga of 0.5 to 1.0 g in Edgecumbe.
The EQE team also report that damage to smaller unanchored tanks and eguipment was
widespread. However, all equipment at a steam plant was anchored and the damage was
superficial.
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Overturned railroad boxcars at banana packing plants near Sixaola on the Panama-Costa Rica
border (photo and caption from Slides on the Costa Rica Earthquake of April 22, 1991 - Set Ill:
Performance of Industrial Facilities and Lifelines - Earthquake Engineering Research Institute).

"Overturned equipment was badly anchored."
Location: Sylmar Converter Station
Feb. 9, 1971 San Fernando Earthqukae
M = 6.5
Source of slide:
Steinbrugge Collection, Earthquake Engineering Research Center, University California,
Berkeley.
Slide No. S4301

located in the southern £nd of Coalinga
Figure 6: The four gasoline storagc tanks
photograph.
4 inches, as shown in 1he lower
the area.
did not leak in spite of sliding about
throughout
structures
and
Sliding was common for. unanchored equipment

EQE
Source of Fig. 6 - Summary of the May 2, 1983 Coalinga, California Earthquake,
Incorporated, 1986.
Coalinga. Available
The earthquake magnitude was a L = 6.7. It was centered near the town of
were high.
accelerations
ground
peak
ground motion records in the Coalinga vicinity indicate that
over 0.60 g.
Depending on the location, peak accelerations ranged from 0.20 g to
At the Shell water treatment plant the following was reported:
of supports for
"Extensive sliding of unanchored tanks with rupture of attached piping. Yielding
anchored tanks." (p. 3).

From: Slide set - Learning From Earthauakes IV (LFE MV) Earthquake Engineering Research
Institute.
This slide shows that a lesson learned from the performance of past earthquakes is:
"Anchorage of equipment and tanks to prevent overturning, sliding, and pounding as well as pipe
system integration problems."
Thus, past experience and common sense suggests that the storage casks at the PFS facility
should be anchored to the pads.

A common misconception is that heavy objects are not easily moved by earthquakes. Actually,
their large mass means they experience large inertial loads. Newton's second law formula, F =
ma, or the inertial force equals the mass times the acceleration, conveys this idea quantitatively.
This 93-ton bronze statue of Buddha in Kamakura, Japan slid more than a foot in the 1923 Kanto
earthquake. (Photo and caption from Non Structural Damage Slide Set, Earthquake Engineering
Research Institute).

From DOE-STD-1020(9 4 ), p. C-59
performance of
"Engineered anchorage is one of the most important factors affecting seismic
that
systems or components and is required for all performance categories. It is intended
function. Types of
anchorage have both adequate strength and sufficient stiffness to perform its
grouted anchor
epoxy
or
anchorage include: 1) cast-in-place bolts or headed studs, 2) expansion
anchorage will be
bolts and 3) welds to embedded steel plates or channels. The most reliable
type expansion
achieve by properly installed cast-in-place bolts or headed studs, undercut
undercut, or
cast-in-place
anchors, or welding. Other expansion anchors are less desirable than
for heavy
welded anchorage for vibratory environments (i.e., support of rotating machinery),
to be the
equipment, or for sustained tension supports. Epoxy grouted anchorage is considered
environments.
radiation
or
least reliable of the anchorage alternatives in elevated temperature

