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ABSTRACT

A seismic scoping evaluation of buried vaults enclosing high level liquid
waste storage tanks at the Idaho Chemical Processing Plant has been
performed. The objective of this evaluation was to scope out which of
the vaults could be demonstrated to be seismicaUy adequate against the
Safe Shutdown Earthquake (SSE). Using approximate analytical
methods, earthquake experience data, and engineering judgement, this
study determined that one vault configuration would be expected to meet
ICPP seismic design criteria, one would not be considered seismically
adequate against the SSE, and one could be shown to be seismically
adequate against the SSE using nonlinear analysis.

BACKGROUND

Eleven high level liquid waste (HLLW)
storage trnks are housed within eight buried
vaults at Lie Idaho Chemical Processing Plat.t
(ICPP). These vaults were built between 1951
and 1963, and were thus designed well before the
development of current ICPP seismic design
criteria. The seismic design criteria utilized in
their design, if any, is unknown.

The HLLW tanks pose a significant concern
at the ICPP, due to the highly radioactive nature
of their contents, and the ability of these contents
to disperse into the environment should tank
integrity be lost. A loss of tank contents can
probably occur only if the vault collapses onto
and ruptures a tank. However, this could not be
ensured, given the uncertainty in the original
seismic design criteria and lack of existing
analyses to current criteria.

To investigate the vault seismic adequacy,
Westinghouse Idaho Nuclear Company
(WINCO) adopted a two-phased approach. The
first phase consisted of a preliminary, scoping
study to determine which of the vaults could be
expected to be seismicaUy adequate against the
Safe Shutdown Earthquake (SSE). The second
phase consisted of detailed analyses of any vaults
thus identified to provide the final
documentation for their seismic adequacy.

WINCO's two-phased approach is highly
cost-effective. The first phase is conducted with
limited funding commitments. The second phase
focuses resources on vaults for which detailed
analyses are expected to have a successful
outcome (i.e., be shown seismicaUy adequate
against the SSE). Funding is not wasted on
vaults for which detailed analysis are likely to be
unsuccessful.
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EQE conducted the first phase, seismic
scoping evaluation, for WINCO. The technical
approach, results, and conclusions from that
stud)' are described in this paper.

VAULT CONFIGURATIONS

The vaults are buUt of three distinctly
different configurations and construction
methods. They are described below, in order of
oldest to newest.

Octagonal Vaults

The vaults enclosing Tanks WM-180 and
181 (Figures 1 and 2) are constructed completely
of cast-in-place reinforced concrete. They are
octagonal in plan. The l'-3" thick haunched roof
slab is supported by main girders spanning in
both plan directions. Perimeter beams at the top

Figure 1: Octagonal Vault, Plan View
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Figure 2: Octagonal Vault, Cross-Section
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of the walls horizontally restrain the roof system.
The roof girders are supported by rectangular
columns. The walls are 3'-9" thick and are cast
integral with the column. The vault and enclosed
tank is supported by a mat foundation on
bedrock. The depth of soil overburden above the
roof varies from about eight at the corner of the
haunch to 18 feet at the top of the haunch.

Pillar and Panel Vaults

The vaults enclosing Tanks WM-182 to 186
are octagonal in plan, and are composed
primarily of precast concrete ("pillar and panel")
construction (Figures 3 and 4). The vaults for
Tanks WM-185 and 186 were constructed slightly
later than those for Tanks WM-182 to 184, with
minor differences in structural details. The
concrete mat foundation bears on bedrock. A
total of 16 precast columns ("pillars") are

Figure 3: Pillar and Panel Vault, Plan View
60'-6"

Figure 4: Pillar and Panel Vault, Cross-Section
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distributed around the vault perimeter. Six inch
thick precast wall panels are clipped to the
columns. Precast perimeter beams interconnect
the column tops. Precast roof beams span across
the width of the vault and are supported by the
columns or perimeter beams. Concrete roof
panels span between ledges of the roof beams.
About ten feet of soil overburden lies above the
roof.

Square Vault

Tanks WM-187 to 190 are placed in a two-
by-two layout in plan, and are enclosed by a
single, approximately square vault which
combines cast-in-place and precast concrete
construction (Figures 5 3nd 6). The mat
foundation bears on bedrock. The exterior and
interior waUs, which are typically 3'-6" thick, are
cast integral with the mat. These walls separate

Figure 5: Square Vault, Plan View
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rigure 6: Square Vault. Cross-Section

the vault into four cells, each cell containing a
single tank. Precast roof beams span between
the walls. Six inch thick precast roof panels span
between ledges of the roof beams. About nine to
ten feet of soil overburden is above the roof.

TECHNICAL APPROACH

The technical approach for this evaluation
consisted of a combination of engineering
analysis, review of data on the past performance
of similar structures in actual earthquakes
("earthquake experience data"), and engineering
judgement.

Engineering Analyses

Engineering analyses were performed to
obtain and compare applied loads and allowable
capacities. Because this was a scoping
evaluation, the analyses were based on simplified
methods that approximate the dynamic response
in terms of equivalent static loads and
displacements.

The vaults were evaluated for combined
dead load, static earth pressure, and seismic load.
Dynamic response of the vault and surrounding
soil due to seismic ground motion is a complex
phenomenon better analyzed by state-of-the-art
computer methods. For this scoping evaluation,
seismic responses of the vaults were estimated
using approximate closed-form solutions that
account for soil-structure interaction effects on
earth-retaining or buried structures. Two
different approximte methods were considered:
One in which dynamic earth pressures were
applied on the vaults, and one in which lateral
seismic displacements were imposed.

ASCE Standard 4-86 [1] recommends two
possible solutions to determine the dynamic
earth pressure acting on earth-retaining walls or
structures founded below grade. The elastic
solution is applicable if lateral displacements are
insufficient to mobilize the full active limit state
in the adjacent soil. If structure displacements
are sufficient, the active solution is applicable.
ASCE 4-86 provides figures and equations to
determine dynamic earth pressures
corresponding to these solutions.

If the soil is elastic, an upper bound on the
displacements experienced by the structure are
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the soil displacements in the free-field. For given
free-field soil displacements and structure
stiffness, structure loads can be determined. This
is conservative for stiff structures, since the
structure provides local restraint and reduces
local soil displacements below free-field levels.

Both of these approximate methods require
knowledge of the seismic accelerations or strains
in the soil surrounding the structure. These data
were obtained from the results of site
amplification analyses previously generated by
EQE using Program SHAKE. These analyses
account for the amplification of bedrock seismic
motion through the soil layer that encloses the
vaults.

Seismic loads acting on the vaults were
typically determined by both of the approximate
methods above. Structure internal forces due to
the imposed earth pressures or displacements
were obtained by finite element analysis or
closed-form solution. Seismic inertial loads
associated with the structure itself and soil
supported by the roof were included.

Vault structural capacities were based on
two possible acceptance criteria: Conservative
design and alternative acceptance criteria. The
conservative design criteria are essentially
equivalent to ICPP seismic design criteria
applicable at the time of this study. Structural
members are limited to elastic behavior, with
allowable capacities based on current ACI and
AISC design codes.

The vaults were first evaluated against the
conservative design criteria. Any structural
members not satisfying these criteria were then
evaluated against the alternative acceptance
criteria. These criteria are still conservative, but
also account for more realistic behavior of
structures under seismic events. Guidance on
the development of the alternative criteria were
obtained from UCRL-15910 [2] (in draft form at
the time of this study), EPRINP-6041 [3], and
NUREG/CR-4482 [4]. These guidelines permit
limited nonlinear behavior of ductile structures.

A loss of tank contents can probably occur
only if the vault collapses onto and ruptures the
tank. This suggests that structure deformations
in excess yield are acceptable, so long as they do
not approach levels at which severe structural

damage or collapse might occur. This
consideration was reflected in the alternative
acceptance criteria developed for this study.

In the engineering analyses, applied loads
and allowable capacities were determined for the
most heavily loaded structural members. These
members were identified using engineering
judgement and experience. The results were
expressed in terms of the margin of safety,
defined as the ratio of the allowable capacity to
the applied load. A value greater than 1.0
signifies that the member satisfies the acceptance
criteria.

Earthquake Experience Data

A brief survey of earthquake experience
data on underground structures similar to the
vaults was performed to determine how such
structures have performed and to identify any
particular seismic vulnerabilities. This survey
included, in decreasing order of relevance,
shallow buried structures, partially embedded
low-rise structures with basement walls, concrete
flood control channels, and retaining walls.
Structures identical to the vaults were not
identified in this survey.

Various examples of seismic damage to
small electrical vaults, flood control channels,
retaining walls, and bridge abutments have been
reported. Perhaps the most notable example of
earthquake-induced damage is the Jensen
Filtration Plant finished water reservoir, which
suffered severe damage during the 1971 San
Fernando earthquake. This structure was about
500 feet square in plan, and constructed of top
and bottom slabs, exterior walls, and interior
columns. Soil overburden over the roof varied
from about one to six feet. The inertia of this
soil may have contributed to the damage
sustained.

Engineering Judgement

Engineering judgement was an integral part
of the evaluation. Although quantitative
engineering analyses were performed, the use of
approximate methods introduces uncertainty into
the results obtained. Engineering judgement is
used as a supplement to account for factors that
could not be directly included in the analyses,
such as sources of conservatism or
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uneonservatism, behavior that could not be
directly modeled, extrapolation of earthquake
experience data on structures of somewhat
different construction or configuration, etc.

EVALUATION RESULTS

Evaluation results for the vaults varied with
each different configuration. These results are
briefly summarized here.

Octagonal Vaults

Structural members selected for evaluation
included the roof slab, columns, girders,
perimeter beams, and wall panels. Loads acting
on these members were determined using a small
finite element structural model.

Against the dynamic earth pressures
obtained from the elastic solution, margins of
safety of 1.2 or greater were obtained for all
structural elements, with the exception of in-
plane shear on the walls for which a value of 0.8
was estimated. Although this value is less than 1,
it was judged that a more detailed analysis would
result in a reduction of various conservatisms
implicit in the evaluation.

Because this vault is relatively stiff,
imposition of the free-field soil displacements is
very conservative. High elastic stresses were
obtained. However, even though significant
damage would be expected at the maximum
ductility demand, structural collapse would be
considered unlikely.

Accounting for conservatisms in the
approximate analyses, it was concluded that this
vault should be capable of withstanding the SSE.
Higher confidence in this vault's seismic capacity
also results from its relatively heavy and rugged
cast-in-place concrete construction.

Pillar and Panel Vaults

As noted above, the vaults enclosing Tanks
W1..-182 to 184 were constructed slightly
different from those enclosing Tanks WM-185
and 186. Separate evaluations were performed
for these vaults, with comparable results
obtained. Structural members that were
evaluated include the columns, column

connections, roof beam connections, and wall
panels.

An evaluation was first performed for at-
rest earth pressure only, without any seismic
loads. Margins of safety on the order of 1 or
slightly greater were obtained for various
structural members. Although collapse under in-
situ loading is considered unlikely, these results
suggest that the vaults were not ruggedly
designed, and that relatively little remaining
structural capacity is available to resist seismic
loads.

For this vault configuration, which is
relatively flexible, upper bound seismic loads are
obtained by application of elastic dynamic earth
pressures, while lower bound loads are obtained
from imposition of the free-field soil
displacements. Using the elastic dynamic earth
pressures, margins of safety significantly less than
1 were obtained for several structural members.
Application of free-field seismic displacements in
conjunction with bounding assumptions on
connection flexibility obtained relatively low
seismic loads. Margins of safety of 1 or less were
still obtained, due primarily to the at-rest earth
pressures.

Confidence that this vault configuration is
seismicaUy adequate against the SSE does not
exist. Because of high stresses due to static earth
pressures, little additional structural capacity is
available to resist seismic loads. Precast concrete
structures abovegrade are generally considered
to be more vulnerable to seismic-induced
damage, since they may lack adequate
connection detailing and redundancy to permit
ductile nonlinear behavior. This concern exists
for this vault configuration.

Square Vault

Evaluation of this vault configuration
focussed on out-of-plane capacity of the exterior
walls and connections for the roof system.
Elastic loads were found to be greater than
allowable capacities for the exterior walls, thus
signifying that they do not satisfy the
conservative design criteria. However, these
walls, which are of cast-in-place construction, are
lightly reinforced and should have substantial
ductility in the out-of-plane direction. Consistent
with the alternative acceptance criteria, which
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permit limited nonlinear deformations of ductile
structures, further analysis was performed using
yield line theory. Application of the alternative
acceptance criteria indicates that these walls
could be demonstrated to be seismically
adequate against the SSE without collapse onto
the tanks.

As indicated by earthquake experience data,
the roof system must be capable of withstanding
seismic inertial loads associated with the soil
overburden. End connections between the
precast concrete roof beams and their supporting
walls were evaluated for these loads. Because
the roof beams are only lightly anchored to the
walls, the evaluation determined that these
connections are unlikely to satisfy the ICPP
seismic design criteria. However, even if the roof
system loses its anchorage, failure does not
actually occur until the roof system slides a
sufficient distance to collapse onto the tanks.
Approximate sliding analysis indicated that
nonlinear analysis could be performed to verify
that the roof system does not collapse.

Based on the evaluation, it was determined
unlikely that this vault configuration would
probably not satisfy the ICPP seismic design
criteria. However, if desired, nonlinear analysis
could be performed to demonstrate that the vault
would not collapse onto the tanks.

CONCLUSIONS

Based on this evaluation, the octagonal
vaults are expected to meet the ICPP seismic
design criteria against the SSE. WINCO
subsequently commissioned a detailed seismic
analysis of this configuration, and has confirmed
this expectation. Consequently, these tanks do
not require near-term replacement due to
seismic safety issues.

The square vault is not expected to meet
ICPP seismic design criteria. However, this
scoping evaluation determined that it may
possible to demonstrate that these vaults will not
fail and collapse onto the tanks through the use
of alternative acceptance criteria and nonlinear
analysis.

Confidence that the pillar and panel vaults
will meet the ICPP seismic design criteria (or
alternately be shown to be seism ically adequate

against the SSE) does not exist. This
configuration has significant vulnerabilities, and
further analysis is concluded to be unwarranted.

WINCO's approach to evaluation of vault
seismic adequacy efficiently uses available
funding resources at two different levels:
Funding for more detailed analysis, and funding
for new construction to replace the existing
tanks.

The scoping evaluation described herein
first identifies the likely outcome of more
detailed analysis at minimal cost. More detailed,
and thus more costly, seismic analysis need only
be performed for cases likely to have a successful
conclusion.

These analyses lead to efficient use of
funding for new construction to replace these
older vintage HLLW tanks. Replacement of
tanks whose vaults are seismically inadequate
can move forward. Tanks whose vaults are
seismically adequate need not be replaced in the
near-term due solely to seismic safety issues.
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