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ABSTRACT

In January 1991, DOE-EM appointed a Seismic Panel
to develop seismic criteria that can be used for
evaluation of underground storage tanks containing
high level radioactive wastes. The Panel expects
to issue the first draft of the criteria report in
January 1992. This paper provides an overview of
the Panel's activities and briefly discusses the
criteria.

INTRODUCTION

A large number of high level
waste (HLW) storage tanks and bins
exist at various DOE facilities.
These tanks and bins are mostly
underground structures and contain
large quantities of radionuclides.
In the process of evaluation of
these structures, it was recog-
nized that the seismic assessment
criteria used at different sites
are not necessarily consistent
mostly due to the absence of any
guidelines in the DOE complex.
Although there are some general
guidelines for seismic evaluation
of DOE facilities, specific
criteria are needed for the
underground tanks. In addition,
design and construction of new
tanks are currently being
considered in several tank farms.

As a result, in January 1991,
DOE-EM appointed a Seismic Panel
to c velop a consistent set of
seisniic criteria. This paper
provides an overview of the

Panel's actives, including brief
discussions on the Panel charter,
tank farms, criteria development
procedures, fundamental research
works undertaken for the criteria
development and status of the
criteria report.

CHARTER OF SEISMIC PANEL

The Seismic Panel has been
chartered with the following task:

To develop a consistent set
of criteria and guidelines in
defining the seismic input
motion, analysis techniques
and design procedures that
can be used for seismic
evaluation of the existing
HLW tanks as well as for
design of new tanks at
various DOE facilities.

The Panel will prepare a report
documenting the above criteria. It
is expected that, with minor modi-
fications, the same criteria can
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also be used for tanks containing
low level radioactive wastes.

TANK FARMS

The HLW tank farms are
located in Hanford (Washington),
Savannah River (South Carolina),
INEL (Idaho) and West Valley (New
York). Typically these are under-
ground vertical steel tanks
encased in reinforced concrete
vaults, built in the 1940's
through the 1980"s. The steel
tanks are unanchored flat-bottom,
have cylindrical walls of diameter
50-80 feet and height of 30-35
feet and are covered with either
flat or dome-shaped caps. There
is an annular space of width 2-3
feet between the steel tank and
the concrete vault walls. The
concrete vaults are either
cylindrical, rectangular or
octagonal with concrete base mats
and matching domes • or flat slabs
on top. Typically, the vaults are
lined with steel plates both at
the base and the wall. Some
earlier designs do not include
steel tanks; thus the concrete
vault with the steel liner acts as
a tank and contains the waste.
These earlier tanks were typically
not stress-relieved, resulting in
cracking and subsequent leakage.
There is overburden soil of depth
3-13 feet above the tanks. The
content of the tanks is typically
liquid containing solid particles
that have precipitated at the
bottom In some tanks, forming
thick sludge. Semisolid crusts
have also formed in some tanks.
Drainable liquid has been pumped
out from a number of leaking tanks
leaving behind cake-type salts.

In addition to the liquid
wastes stored in tanks, one DOE
site contains calcined high level
granular wastes stored in bin

sets. A bin set contains a cluster
of long cylinderical steel bins
enclosed in a fully or partially
underground reinforced concrete
vault.

SEISMIC EVALUATION

The tanks were designed
according to the seismic design
criteria available in national
standards at the time of con-
struction. Some representative
tanks were analyzed more rigor-
ously. The seismic design and
analysis criteria included in plant
specifications were not necessarily
consistent among the tank farms.
In summary, in the absence of any
specific guidelines available in
the DOE complex, the underground
storage tanks and bins were
designed and evaluated with seismic
criteria that are not necessarily
consistent and, in some cases, may
not be acceptable according to
current standards. Due to design
deficiencies, aging of tanks,
changes in acceptable criteria or
various combinations of these
factors, some tanks may even be
overstressed.

As a result, DOE-EM has under-
taken to develop a set of seismic
criteria for underground tanks and
bins with the help of the Seismic
Panel. These criteria should be
defensiable in the current
regulatory environment and at the
same time realistic - i.e., not
excessively conservative since
excessive conservatism resulting
from ignorance may result in
unnecessary expensive field modi-
fications. The seismic criteria
will be used for the following
purposes:

1. To evaluate integrity of the
existing tanks.



2. To design new tanks.

3. To determine the service
lives of tanks (by use of
additional information, as
required, e.g., materials
aging data).

4. To estimate reliability or
risks due to earthquake in
operating the tanks.

CRITERIA DEVELOPMENT

The criteria are being
developed by the Seismic Panel
following a general approach,
identifying and subsequently
resolving a number of specific
technical issues. This general
approach and the issues are
described in this section. In
addition, the status of the
seismic criteria development and
preparation of the criteria report
are discussed.

General Approach and Philosophy

The definition of a design
basis earthquake and assessment, of
an underground tank due to this
earthquake motion require many
considerations, some of which are
similar to or even the same as
those used for assessment of other
structures such as high hazard
buildings. Therefore, the
principal philosophy in developing
the seismic design and evaluation
criteria is to make maximum use of
the existing guidelines. DOE
order 643 0.1A [1] provides a set
of general design criteria for the
DOE facilities. UCRL-15910 [2]
provides specific guidelines for
design and evaluation of DOE
facilities due to earthquake and
other natural phenomena such as
wind and flood. The graded
approach adopted in UCRL-15910 is

also used for developing guide-
lines for the tanks. Other
analysis methods, design details
and acceptance criteria delineated
in the UCRL document are used to
the extent that are applicable to
the underground tanks. UCRL-15910
is intended for general DOE
facilities and not specifically
prepared for the tanks. Therefore,
the next step in the criteria
development is to address the
special features of the under-
ground tank and bin structures and
identify the technical issues that
are not addressed by the existing
guidelines. The final step in the
criteria development is to address
the technical issues that have been
identified to be unique to the
underground tanks and combine their
resolutions with the existing
guidelines.

Technical Issues and Resolutions

Most of the technical issues
that have been considered for
development of the seismic guide-
lines are due to unique structural
and dynamic features of the under-
ground tanks. Although seismic
evaluation techniques for above-
ground tanks have greatly advanced
since the mid-1970's, those for
underground tanks are relatively
scarce. In addition, the contents
of the tanks are not necessarily
uniform and not completely in the
liquid state; hence, the available
fluid-tank interaction methods in
dynamic analysis are not directly
applicable to the HLW storage
tanks. Furthermore, in certain
tanks, crust formation may not
allow sloshing as assumed in
classical hydrodynamic load
calculation methods. There are
diversities of the tank designs in
the DOE tank farms. For example,
some tanks are free-standing, some
are partially connected to the



encasing concrete vaults and some
use the concrete vaults as a
partial confinement barrier.
These special design features and
operation characteristics of the
waste storage tanks are not
addressed by the existing guide-
lines and require special
considerations including funda-
mental research in certain areas.
In addition, knowledge concerning
the input ground motion and the
analytical techniques, especially
for tanks, has advanced since the
latest publication of the
applicable guidelines. Therefore,
these general issues related to
standard seismic evaluation of
structures have also been
considered for development of the
criteria. Some of these major
technical issues, the respective
approaches adopted by the Seismic
Panel for their resolutions and
the current position on these
issues are discussed as follows:

General Criteria

UCRL-15910 divides DOE
facilities into four usage
categories and for each category
defines the performance goal in
probabilistic terms as the annual
probability of exceedance of
facility damage as a result of the
earthquake hazard. In order to
achieve these performance goals,
the seismic hazards are defined
such that the acceptance criteria
introduces a factor for reduction
in the risk of unacceptable
performance below the risk of
exceeding the design basis
earthquake. For a new high hazard
facility, as an example, the

performance goal 1 x 10'5/year and

the frequency of the design basis

earthquake is 2 x 10"4 such that

the risk reduction factor is 20.

The criteria being developed for
the tanks are consistent with this
philosophy. However, the tank
seismic criteria report will
contain more detailed discussions
on how the performance goals and
the seismic hazards are related to
provide desired risk reduction
factors. Also, this report will
demonstrate how the risk reduction
is achieved by introducing a factor
of safety in the seismic capacity
of the structure.

The tank seismic criteria are
being developed based on the
understanding that the tanks and
vaults will be evaluated as high
hazard usage category structures
although some other components in
the tank farms may be assessed as
medium or lower hazard usage
categories. Generation of site
specific hazard and response
spectra will be recommended;
however, this recommendation will
ultimately be consistent with
similar hazard criteria being
developed by DOE-DP and DOE-NS.

Ground Motion and SSI Effects

The ground motion should be
defined in terms of horizontal and
vertical response spectra specified
at control point locations. The
Panel has performed a parametric
study for typical tank and vault
conditions to examine feasibility
of using simplified models to
represent the soil-structure inter-
action effect. The following are
some major observations:

Criteria motion specified at
a stiff layer provides larger
responses than if the
criteria motion were speci-
fied to occur at the ground
surface.



• Criteria motion may be
specified at the ground
surface if the soil is rather
uniform.

• The variation of free field
motion over the depth of the
tank embedment has a signifi-
cant effect on the vault's
response.

• Wall pressure computed by
elastic methods may be
acceptable.

The above observations are
considered in developing the tank
seismic criteria.

Tank-Tank (Vault-Vault) Inter-
action

In a typical tank farm, the
tanks are located in clusters. In
order to determine the effect of
the presence of one tank on the
dynamic soil pressure on an
adjacent tank, two separate
studies are being performed. The
initial results indicate that the
interaction effect can produce
significantly dissimilar responses
on symmetric structural members.
However, the results may be
bounded by considering isolated
tanks. Further study is required
and being performed to confirm
this observation.

Unanchored Tanks

Most underground steel tanks
are not anchored at the base.
Results of recent studies will be
used to develop criteria to
determine the response and
capacity of such a tank. Further
research may be -aquired in this
area.

Top-Restrained Tanks

Many steel tanks in the DOE
tank farms are attached on top to
concrete vaults or columns. Such
attachments do not allow direct use
of liquid-tank interaction data
available for free-standing tanks
excited at the base. Therefore,
fundamental research is being
performed by the Panel to study the
effect of the top restraint which
will require the consideration of
excitation simultaneously at the
base and the top. Initial results
confirm that both the base shear
and the base moment are reduced
significantly by the top restraint.
The reduced bending moment
decreases the axial forces at the
junction of the tank wall and base,
and this, in turn, reduces the
tendencies for both wall buckling
and base uplifting. Further
research is being performed to
refine the results.

Effect of Tank Content

The liquid-tank interaction
information available in the
literature are applicable for
water-type homogenous liquids such
that the appropriate specific
gravity can be selected to use the
existing data. However, the
contents of the DOE tanks are
mostly nonuniform and contain solid
particles of varying amount and
characteristics. Some tanks
contain thick sludge at the bottom
while some others developed semi-
solid crust on top of liquid
supernate. On the other extreme,
the bins contain granular
materials. The Panel recognizes
difficulties to address all such
possible characteristics of the
tank contents and has undertaken
research to explore development of
simple formulations for bounding
cases. For example, the dynamic



effect of a viscous liquid will be
simulated by using available
computer programs. The effect of
an elastic solid content is also
being analytically investigated.
The results will be used to
develop the tank seismic criteria.

New vs. Existing Tanks

The seismic criteria will be
directly applicable for new tanks.
Existing tanks can also be
evaluated based on these guide-
lines. If an existing tank fails
to meet (but comes close to
meeting) the guidelines for new
tanks, the Panel will recommend
several options, such as,
refinement of the analytical
techniques, acceptance of a higher
risk, reduction of the liquid
height or declassification of the
usage category.

Schedule

It is expected that the first
draft of the criteria report for
double shell tanks will be
completed by January 1992. At
around this time, the Panel will
discuss the criteria with the
Defense Nuclear Facilities Safety
Board and also solicit comments
from the users. It is recognized
that the report will require
revisions to include other
considerations, e.g., single shell
tanks. Seismic workshops will be
organized in early 1992 to
interpret the criteria to the
users and interact with them.

CONCLUSIONS

The. tank seismic criteria are
being developed v/ith the latest
knowledge of the tank designs
especially with consideration of
special issues related to under-

ground tanks and will be discussed
with DNFSB. Therefore, it is
expected that these criteria will
provide a uniform and consistent
basis for seismic evaluation of
underground waste storage tanks.
The Panel may not be able to
address all specific features of
the existing and future tanks, but
will attempt to provide limiting
criteria to bound extreme
conditions. Finally, the Panel
emphasizes the need for use of
simplified methods to verify the
results of complex analyses since
the latter is expected to provide
simply a refinement of the former.
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