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1 A BRIEF DISCUSSION OF CURRENT AND PAST SSI LICENSING CRITERIA AND ISSUES

Since the late sixties Soil-Structure Interaction (SSI) effects have been
considered in the seismic analysis of nuclear power plant structures.

The earlier SSI analyses were carried out by representation of soil media
as lumped, frequency independent spring and dashpot systems through the
use of elastic half-space theory. In the early seventies soil-column
modeling (i.e. shear beam or one-dimensional shear wave propagating
vertically was) proposed and thus finite element representation of soil-
media came into being. The U.S. Nuclear Regulatory Commission (NRC) staff
position in the 1975 version of Standard Review Plan (SRP) Section 3.7.2
(U.S. NRC 1975) advocated the use of the finite element method (FEM) for
sites which were layered or inhomogeneous. The use of elastic half-space
(EHS) was considered acceptable for sites with uniform properties.
Specifically, SRP requirements stated the following:

1. The design response spectra are defined for the free field and
applied at the proposed finished grade level of the site.

2. Using an appropriate analysis method, with appropriate soil proper-
ties, obtain a time history at the base of the idealized soil profile.
One acceptable method for deconvolution analysis of the design response
spectra at a finished grade is a combined application of the SHAKE and
LUSH computer codes (or other equivalent computer codes and analysis
techniques). When the time history obtained from these methods is appli-
ed at the base of the idealized soil profile and the soil-structure inter-
action system, the resulting free field vibratory ground motion at finish-
ed grade level should give response spectra that envelop the design
response spectra. In addition, when the time history obtained is applied
at the base of the idealized soil profile, using appropriate soil
properties, the vibratory motion calculated at the elevation of Category
I structural foundations and at the foundation level in the free-field
should, in general, give response spectra at all frequencies (0.2 cps to
50.0 cps), not less than 60% of the design response spectra.

3. The time history developed in item 2. above should be used at the
base of the soll-structure interaction system.

These staff requirements resulted in considerable controversy between the
NRC staff and other practitioners as these requirements were applied.
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The major controversy arose with regard to the input location of the
control motion and the use of "deconvolution" procedures. Because of

the unverifiable nature of the one-dimensional wave propagation model

due to the lack of observed or experimental data at that time, it was
contended that the use of the deconvolution procedure may lead to unreal-
istic dips in the design ground spectrum and may underestimate the input
motion to the structures. This and other issues led to an Advisory
Committee on Reactor Safeguards (ACRS) subcommittee meeting on SSI issues
with experts from the U.S. including the NRC staff in February of 1977,
Specific conclusions were not reached on the validity of either method.
However, the meeting appeared to conclude that for the shallow embedment
case, the use of deconvolution method to reduce the ground motion with
the soil-column assumption was questionable and not reasonably conserv-
ative. Subsequently, the NRC staff implemented the following require-
ments as acceptance criteria for SSI analysis and these criteria were
incorporated into the current version of the Standard Review Plan (U.S.
NRC 1981). In summary , this position requires that Category I Struc-
tures, systems, and components be designed to accommodate responses
obtained by one of the methods listed below:

1. Envelop the results of both EHS and FEM:

2. Use results of one method with conservative design considerations
of effects from use of the other method; and

3. Combination of (1) and (2) with provisions for adequate conservatism
in design.

Note that control motion defined by Regulatory Guide 1.60 spectra motion
and anchored at peak ground acceleration value (or site specific motion,
if applicable) is to be applied at foundation level in the free-field.
This position led to some difficulties in the review of operating license
applications for a number of recent plants. These difficulties resulted
not only from the fact that these plants were designed based on the
earlier requirements applicable at the construction permit stage, but the
staff position was also challenged on various technical grounds. It has
been contended that requiring the broad band motion to be input within a
soil stratum, such as at the foundation level, leads to inconsistent
results,

It is also argued that the SSI analysis techniques have advanced enough
so that the use of only one method should be sufficient. NUREG/CR-1161
(Coats 1980, 1984), the document which discusses technical issues related
to Unresolved Safety Issue (USI) A-40, Seismic Design Criteria, also
recommend similar views., Considering the above discussed controversies
and past difficulties in the licensing process to deal with the SSI
issues, it was decided that a workshop, with a specific goal of discus-
sion of the licensing issues by all interested parties, should be
conducted prior to undertaking revisions of SSI related SRP sectiouns.

2 WORKSHOP TO DISCUSS SSI LICENSING ISSUES

In June of 1986, the U.S. NRC with the assistance from the Brookhaven
National Laboratory (BNL) organized a workshop to discuss the SSI licens-
ing issues. The objectives of this workshop can be summarized as follows:
1. To examine the SSI-related licensing concerns and various procedures
and alternatives jointly by the regulators, practitioners, researchers,
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utility representatives and other interested groups in the light of the
recent analytical and experimental development; 2. To examine the areas
of greater uncertainties and means to address them; 3. To review the
licensing criteria in the SSI area and discuss suggestions to improve the
licensing process; and 4. To present results of recent U.S. NRC research.

The format for the workshop was developed keeping in mind the main objec-
tive, i.e., discussion of issues important in licensing process. The
workshop was divided into four technical sessions and one summary session.
In the final session, the moderator of each session summarized the views
of the respective sessions with the objective of providing an opportunity
to examine the entire SSI procedure., The invited papers and summaries
are published in a proceedings of the workshop (Graves and
Philippacopoulos 1987).

This workshop was successful in achieving above discussed objectives.

The summaries presented by moderators of technical sessions were prepared
after lengthy discussions among panel members. These summaries provided
definite guidance useful for the development of licensing review criteria.

3 RECOMMENDATIONS AND FINDINGS OF SSI WORKSHOP

Some general observations and recommendations made at the workshop are
outlined below:

1. It was noted that it is necessary to avoid the compounding of con-
servatism in each step (seismic input, site analysis, SSI analysis, etc.,)
of the seismic analysis/design process such that final results do not
contain unquantifiable conservatism. In order to do so, the effective
interaction between different disciplines, such as seismology, geotech-
nical and structural, involved in the seismic design process is very
crucial.

2, The interaction between the regulatory agency and the design organi-
zation was also discussed. Some of the foreign participants indicated
that the licensing review process in their countries was more interactive
and started early enough to establish acceptable technical approaches
prior to the detailed designs.

3. The concern with unquantifiable conservatism of the current design
process also led to a discussion of performance versus prescriptive
requirements. Desirability of specifying a performance criterion over
prescriptive requirements were expressed by a number of participants. A
truly performance criterion may allow one to perform an analysis using
best available techniques and then adding known margin to the final
design. However, it was noted that a true performance criterion, in
terms of probability of exceedance of some critical parameter, may not be
feasible at this time. The staff's proposed revision discussed in the
next section is less prescriptive than the current version.

4. With respect to the current requirement for SSI methodologies, it
was noted that licensing review criteria should not try to regulate
"misuse" or "abuse" certain SSI methods or procedures; however, the
proper implementation of these procedures should be assured through some
other means.

The major technical guidance emerging at the workshop is listed below,
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various other guidelines are also discussed in NUREG/CP-0054.

1. With regard to the need of ground motion specification for SSI
analysis, it was recommended that the control point (location of input
for control or free-field design ground motion) should always be defined
to be on a free surface, either at the top of grade or an outcrop or on a
hypothetical outcrop at the location on the top of the competent material.

2. Where analyses are based on limited data and very simplified or in-
complete models of SSI effects, a conservative methodology should be
adopted. However, where analyses are based on good field data and rela-
tively sophisticated modeling techniques, no special conservatism needs
to be incorporated to allow for deficiencies in property determinations
and analysis procedures (i.e., alternative analyses).

3. In answering the question of how uncertainties should be addressed
in the licensing process, it was recommended that the following two tasks
should be included in SSI analysis: 1. Well-founded and properly-substan-
tiated simple model can be used to perform certain sensitivity studies
for major parameters; and 2. Varying soil properties by * 50% should be
considered.

Based on the above recommendations, the NRC staff is presently consider-
ing the revision to the SSI licensing criteria as discussed in the next
section. This revision will be published for public comments.

4 REVISION TO SSI LICENSING CRITERIA UNDER CONSIDERATION

Two broad alternative acceptance criteria are proposed in the revision
under consideration (Shaukat and Chokshi 1987). These alternatives are:

1. Alternate 1 is similar to the staff acceptance criteria published
in the current version of the SRP Section (i.e., U.S. NRC 1981) with some
modifications; and

2. Alternate 2 consists of state-of-the-art analyses approaches account-—
ing for specific site conditions, realistic motion estimates, and uncer-
tainties in the SSI calculations. These alternatives and other affected
items are described in the following subsections.

4,1 Design Ground Motion

With regard to the design ground motion, the following is proposed (appli-
cable to both alternatives). The control motion should be defined to be
on a free ground surface and should be based on data obtained in the free-
field, Two cases are identified depending on the soil characteristics at
the site and subject to availability of appropriate recorded ground motion
data. When data is available, for example, for relatively uniform sites
of soil or rock with smooth variation of properties with depth, the con-
trol point (location at which the control motion is applied) should be
specified on the soil surface at the top of the finished grade. The free-
field ground motion or control motion should be consistent with the prop-
erties of the soil profile. For sites composed of one or more thin soil
layers overlying a competent material or in case of insufficient recorded
ground motion data, the control point is specified on an outcrop or a
hypothetical outcrop at a location on the top of the competent material.
The control motion specified should be consistent with the properties of
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the competent material.
4.2 Alternate 1

Alternate 1 presents a somewhat simplified approach requiring perhaps

less effort than Alternate 2 and it is more appropriate when the input
ground motion has broad-band response spectra (e.g., Regulatory Guide 1.60
spectra) and is essentially not based on the detailed site-specific
considerations. The following is proposed.

Two most commonly used methods have been broadly identified in the past
as the half-space (lumped-parameter, substructure solution technique,
continuum) and the finite boundaries (direct solution technique, discrete
modeling) methods. In Alternate 1 modeling methods for implementing the
soil-structure interaction analysis should include both the half-gpace
and finite boundaries approaches. Category I structures, systems, and
components should be designed to accommodate responses obtained by
methods discussed in Section 1.

The constituent parts of the entires SSI system are discussed in detail
in the proposed revision. The following comments about the control
motion should be of interest regarding the earlier concern with the
deconvolution procedures.

As discussed earlier, the control motion is specified at the ground
surface in the free field - either at the surface of a rock outcrop

(real or hypothetical) in the vicinity of the site, or at the ground
surface (finished grade) at the plant site. Appropriate variation in
soil properties must be considered such that the effects of the resulting
dips in the response spectra (at the natural frequencies of soil columns)
at the foundation level of an embedded structures are smoothed out in the
design floor spectra. The magnitude and the form of the reduction in the
spectra at the foundation level should be supported by the study of the
data applicable to the site. In a case of a site with shallow overburden
(consisting of one layer or several layers) overlying a hard stratum, any
reduction in the surface motion may not be appropriate. For embedded
structures, it must be noted that a translational motion specified on the
surface of the soil produces translation and rotation of the massless
foundation and the SSI method should account for this rotational effect.
For cases where the reduction in the translation motion is not considered,
the consideration of rotational effects of the massless foundation is
generally not necessary. The input motion at the base of the discrete
soil model or soil column should produce the specified design spectra at
the free surface of the soil profile in the free field (finished grade).

4.3 Alternate 2

For sites with the detailed site-specific investigations, Alternate 2
allows an option to employ a suitable state-of-the-—art approach to per-
form the SSI analysis without resorting to the enveloping requirements
discussed in Alternate 1. However, greater efforts in addressing uncer-
tainties and performing sensitivity studies are required as discussed
later in this section.

In order to assure proper implementation, the following considerations
should be addressed in performing SSI analysis:
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1. Perform sensitivity studies to identify important parameters (e.g.,
structure to structure interaction, nonsymmetry of embedment, location
of boundaries) and to assist in judging the adequacy of the fimal results.
These sensitivity studies can be performed by the use of well founded and
properly substantiated simple models to give better insights;

2, Through the use of some appropriate benchmark problems, the user
should demonstrate its capability to properly implement any SSI method-
ologies; and

3. Perform enough parametric studies with the proper variation of para-
meters (e.g., soil properties) to address the uncertainties (as applicable
to the given site).

The proposed revision also includes specific guidelines to account for
items, such as, non-linearity, variation of soil-properties, layering
effects, strain-dependency of material properties, modeling of soil-
structure system using various approaches, and spatial variation of
ground motion. It is important to note that these items are guidelines
and not requirements.

5 CONCLUSIONS

In conclusion, it is anticipated that the proposed changes in the require-
ments for the SSI analyses are flexible enough to allow for the state-of-
the—-art approaches and any new advances in the knowledge. At the same
time, the inclusion of the specific guidelines and emphasis on sensitivity
and parametric studies will assure proper implementation of the complex
analytical methods. These changes should lead to improved and stable
licensing process.

DISCLAIMER

The U.S. NRC has neither approved nor disapproved the contents of this
paper. The views and conclusions contained in this paper are those of
the authors and should not be interpreted as necessarily representing
the official policies or recommendations of the U.S. NRC.
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