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ABSTRACT

This paper describes the seismic criteria for the design of the
Special Isotope Separation (SIS) production plant. These criteria are
derived from the applicable Department of Energy (DOE) orders,
references and proposed standards. The SIS processing plant consists
of Load Center Building (LCB), Dye Pump Building (DPB), Laser Support
Building (LSB) and Plutonium Processing Building (PPB). The
facility-use category for each of the SIS building structures is
identified and the applicable seismic design criteria and parameters
are selected.

INTRODUCTION

The Special Isotope Separation
(SIS) production plant will be
located at the Idaho National
Engineering Laboratory (INEL).

The plant will be used for
separation of plutonium isotopes
using the Atomic Vapor Laser
Isotope Separation (AVLIS) process
developed by Lawrence Livermore
National Laboratory (LLNL). The
nuclear materials will be
processed in the reinforced
concrete Plutonium Processing
Building (PPB). The support
facilities will consist of three
steel frame structures: the Laser
Support Building (LSB), Dye Pump
Building (DPB) and Load Center
Building (LCB).

The design of the plant will
comply with DOE Order 6430.1A [1]
and the related referenced codes
and standards.

CLASSIFICATION OF SIS STRUCTURES

The selection of the appropriate
facility-use category for the SIS
structures is based on the
definitions included in UCRL-15910
[2]. This document identifies four
facility-use categories:

o General Use
o Important or Low Hazard
o Moderate Hazard
o High Hazard

Guidelines for the facility-use
categories are defined in Table 1,
which is taken from UCRL-15910.
DOE Order 6430.1A also identifies
facilities as critical or
non-critical based upon their
national importance to DOE Programs.

In accordance with the DOE Order and
its associated references the
following classifications have been
determined.
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TABLE 1

FACILITY USE CATEGORY GUIDELINES

FACILITY-USE CATEGORY

General Use Facilities

Important or Low Hazard
Facilities

Moderate Hazard Facilities

High Hazard Facilities

DESCRIPTION

Facilities which have a non-mission
dependent purpose, such as administration
buildings, cafeterias, storage, maintenance
and repair facilities which are plant or
grounds oriented.

Facilities which have mission dependent
use (e.g., laboratories, production facil-
ities, and computer centers) and emergency
handling or hazard recovery facilities
(e.g., hospitals, fire stations).

Facilities where confinement of contents
is necessary for public or employee
protection. Examples would be uranium
enrichment plants, or other facilities
involving the handling or storage of
significant quantities of radioactive or
toxic materials.

Facilities where confinement of contents
and public and environment protection
are of paramount importance (e.g.,
facilities handling substantial quantities
of in-process plutonium or fuel reprocess-
ing facilities). Facilities in this
category represent hazards with potential
long term and widespread effects.
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o The LSB, DPB, LCB and the
non-safety class portions
of the PPB, (i.e.,
structural steel portion
of the building and the
PPB change room and load
center area) have no
nuclear safety-class
functions or systems.
These structures are
categorized as Important
or Low Hazard, rather
than General Use, due to
their overall importance
to DOE programs.

o The safety class portion,
or confinement portion,
of the PPB is classified
as a "Moderate Hazard
Facility". This
structure should be
capable of withstanding a
Design Basis Earthquake
(DBE) such that the
hazardous materials may
be controlled and
contained.

SEISMIC DESIGN CRITERIA FOR SIS
STRUCTURES

LSB, DPB, AND LCB

UCRL-1591O, Section 4.2.2 gives
guidance for the seismic analysis
and design of Important or Low
Hazard DOE facilities. In
accordance with this section,
Important or Low Hazard facilities
shall be designed to the seismic
provisions of the 1988 UBC [3] for
Zone 2B with an Importance Factor
(I) of 1.25.

UCRL-15910 defines Z as the
seismic zone factor equivalent to
the peak ground acceleration for
an annual exceedance probability
of 1x10"^ and C as the spectral
amplification at the fundamental
frequency of the facility from the

5 percent damping median response
spectra for the facility. Using
this definition, the parameters for
the SIS site are Z=0.14 and the
maximum C is 2.3. It is also
specified that if the value of ZC
from the 1988 UBC provisions is
higher, it should be used in the
design. Therefore, the Z factor for
Zone 2B of 0.2 and maximum C value
of 2.75 are the values to be used in
design of the LSB, DPB and LCB.

The 1988 UBC provides a simplified
static approach in place of a
dynamic analysis. The use of a
higher I value, 1.25 for "Important
Facilities" versus 1.0 for "General
Use Facilities", provides for
greater protection of the
structures, systems and components.
This higher importance factor means
the "Important or Low Hazard
Facilities" will be designed for a
25% greater lateral seismic force
than a "General Use Facility"
located in the same seismic zone.
The increased lateral design force
provides greater elastic capacity in
the structure's lateral force
resisting system. This, in turn,
provides a higher level of
investment protection,than that
provided for a "General Use
Facility", by reducing the amount of
potential damage for a given level
of earthquake.

PPB

Initial DOE Order 6430.1A required
that a safety class structure be
designed to withstand a DBE and to
continue to operate after the
occurrence of an OBE. Interim Final
version of DOE Order 6430.1A, dated
1/9/89, removed the OBE
requirement. Also, DOE Order
6430.1A and UCRL-15910 require that
the structural loads for the DBE be
determined by a dynamic analysis.
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Therefore, the safety class PPB
structure and safety class
equipment will be designed to a
DBE utilizing structural dynamic
analysis in accordance with
UCRL-15910 and DOE Order 6430.1A.

The following discussion describes
the technical parameters used for
the PPB Design Basis Earthquake
(DBE) and seismic criteria derived
from the DOE Order.

Determination of DBE
DOE Order 6430.1A, Section

0111-99.0.4 states, "To determine
the DBE, site specific earthquake
hazard models and response spectra
given in UCRL-53582, Rev. 1, shall
be used to select the appropriate
seismic ground acceleration."

UCRL-15910 defines the maximum
surface, accelerations at DOE
facilities for various
probabilities of annual
exceedance. It recommends that
for Moderate Hazard Facilities a
probability of annual exceedance
of 1x10"^ be used, which gives a
maximum acceleration of 0.14g. It
also recommends that a vertical
component, equal to 2/3 the
horizontal, be used.

For conservatism, the recommended
approach is that the maximum
acceleration value for the safety
class PPB structure will be
determined using a probability of
annual exceedance of 1x10 .
This corresponds to a return
period of 10,000 years. From
Figure 2, "Earthquake Hazard at
INEL" (Return Period vs. Peak
Acceleration), in UCRL-53582, a
return period of 10,000 years
yields a peak acceleration of
0.24g at the ground surface. From
a changing regulatory perspective,

anticipating licensing concerns, the
higher return period of 10,000 years
is roughly the upper bound of the
return period that most pressurized
or boiling water reactors are
designed for.

Due to the recent occurrence of the
1933 Borah Peak earthquake and the
potential for similar earthquakes to
occur closer to the INEL, an
additional survey of seismic
attentuation and site response is
being conducted at INEL. Based on
the preliminary results of that
survey [5], it was decided to use a
peak horizontal ground surface
acceleration of 0.33g for the DBE
analysis of the PPB structure. The
vertical component is taken as 2/3
of horizontal (i.e. 0.22g).

The preliminary survey [5] shows the
peak ground acceleration (PGA)
ranging from 0.12 to 0.33 g with the
standard model having PGA of 0.20g.
Consequently the 0.33g PGA selected
for use in the PPB seismic
structural analysis is a
conservative number. Should a lower
value be determined at a later date
by the ongoing survey, the seismic
analysis will be re-run for the
purpose of generating the equipment
design response spectra within the
building.

The ground acceleration response
spectra developed in the preliminary
survey [5] are in general agreement
with the site specific response
spectra for INEL given in
UCRL-53582. Consequently the
UCRL-53582 spectra are selected for
use in seismic analyses of the PPB.
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Dynamic Analysis
A detailed three dimensional

soil-structure interaction
analysis of the PPB will be
performed. Accelerations and
forces in the PPB building will be
compmed as well as acceleration
response spectra at selected
locations where safety-related
equipment will be located. These
spectra will be used in the design
of equipment and piping.

The sub-surface profile at the PPB
site consists of 0 to 7 feet of
predominantly silty or sandy
gravel fill overlaying a thin,
generally cohesive, layer
consisting of mostly lean clay
with varying proportions of sand
and silt. Beneath this surface
layer is sandy, silty or clayey
gravel extending to the top of the
basalt bedrock at a depth ranging
from 35 to 45 feet. The
potentially compressible surface
layer of natural cohesive soils
will be replaced with sandy, silty
or slightly clayey gravels.

The site will be modelled as a 45
ft. layer of gravel overlying a
basalt halfspace. The soil
properties are defined in the SIS
Geotechnical Report [6]. To
account for uncertainties in the
soil properties, the analysis will
be performed using mean,
upper-bound (1.5 times the mean)
and lower-bound (0.67 times the
mean) soil properties. The
responses for the three subsurface
conditions will be enveloped. The
response spectra will be widened
by ±10% to account for other
modelling uncertainties.

The shear wave velocities shown in
reference [6] will be confirmed by
additional geotechnical
investigation to be conducted at
the SIS site. The crosshole
method, in accordance with ASTM

D4428, will be used in this
additional geotechnical
investigation.

Detailed information on the seismic
analysis procedures for the SIS
Plutonium Processing Building is
contained in a paper on the subject
[7] presented at this conference.

CONCLUSIONS

The seismic design criteria for the
SIS facilities comply with the DOE
Order 6430.1A and the related codes
and standards. These criteria are
also in general compliance with the
related NRC regulations and
guidelines.
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