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COST REDUCTION THROUGH IMPROVED SEISMIC DESIGN 

L. K. Severud, Manager 
Engineering Analysis and Design 
Westinghouse Hanford Company 
Richland, Washington, USA 

Abstract 

During the past decade, many significant seismic technology developments 
have been accomplished by the United States Department of Energy (USDOE) pro
grams. Both base technology and major projects, such as the Fast Flux Test 
Facility (FFTF) and the Clinch River Breeder Reactor (CRBR) plant, have con
tributed to seismic technology development and validation. Improvements have 
come in the areas of ground motion definitions, soil-structure interaction, 
and structural analysis methods and criteria for piping, equipment, components, 
reactor core, and vessels. Examples of some of these lessons learned and tech
nology developments are provided. Then, the highest priority seismic technology 
needs, achievable through DOE actions and sponsorship are identified and dis
cussed. Satisfaction of these needs are expected to make important contribu
tions toward cost avoidances and reduced capital costs of future liquid metal 
nuclear plants. 

I. INTRODUCTION 

Seismic design and analyses of past US LMFBR nuclear projects have cost 
about six percent of the overnight base capital cost. However, seismic design 
changes and plant rework and backfits have had very large leverage on increas
ing plant commodities, delaying construction and licensing, and seriously 
increasing plant lead times and costs for light water reactor (LWR) plants in 
the United States. The commercial viability of LMFBR plants thus also needs 
the reductions in capital cost made possible by improvements in seismic 
design. 

To obtain improvements in seismic design, both improvments in the engine
ering practices with existing technology and development of improved technology 
are needed. Engineers need to optimize designs for seismic and other require
ments. Large vessels and components that are overdesigned for seismic adequacy 
often have thicker walls that are less desirable for thermal shock low cycle 
fatigue resistance. Piping with excessive numbers of supports and seismic 
restraints cause increased costs of commodities. These unneeded supports also 
clutter the plant cells, make in-service inspection and maintenance more diffi
cult and costly, and can lead to lower overall system operating reliability. 

Seismic technology development is needed because the effects of earth
quakes must be considered in the design of nuclear power plants, seismic design 
is a major cost driver, and many of the relevant features of LMFBR plant sys
tems and componets differ significantly from those of existing commercial LWR 
plants. 

The USDOE-sponsored seismic technology activities are aimed at estab
lishing a verified, cost-effective seismic design technology for the liquid 
metal reactor (LMR). These activities are part of a broader US effort to de
velop the technological base necessary to ensure safe and reliable operation 
of commercial LMR power plants and to transfer this technology to industry 
in the form of design guidelines, codes, and standards. 
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II. HOW SEISMIC DESIGN CAN DRIVE PLANT COSTS 

Light water nuclear plant project costs and problems recently experienced 
should be noted because these are the problems that must be avoided if a cost-
effective LMR plant is to be realized. Not only must the overnight costs be 
reduced, but lead times, which currently average 13 years (nine years for con
struction), must be drastically cut to reduce the costs of inflation and inter
est. A one-year construction delay can add hundreds of millions of dollars 
to the total cost of a project - at a rate of about $1 million per day! 

The reasons for the delays and increasing lead times and costs, and for 
their wide variations from plant to plant are complex. However, a recent study 
[1]* sponsored by the Electric Power Research Institute (EPRI) sheds signifi
cant light on the subject. The study, which was based on data for 26 nuclear 
units that experienced an average of 43 months construction-related delay, 
identified redesign and rework as the root cause for 23 months delay. Assuming 
$1M/day delay costs, redesign and rework associated with changing licensing 
requirements (regulatory ratchet) costed an average of $680 million per plant. 
A large fraction of this redesign and rework was for seismic qualification. 

Lessons learned by Tennessee Valley Authority (TVA) [2], underscore how 
seismic considerations have had a devastating impact on costs and schedule. 
TVA found that changes in requirements occurred continuously due to a frag
mented approach taken to seismic considerations by seismologists, analysts, 
design engineers, and regulators. Complex design analysis procedures often 
precluded engineering judgment and led to extreme construction difficulties. 
TVA concluded that seismic requirements must be stabilized, analytical methods 
standardized, and conservatism minimized. Moreover, seismic failure modes, 
or lack thereof, must be recognized. 

An example of the leverage that seismic design has on nuclear plant pro
ject costs was revealed by Cleveland Electric [3]. Regulatory changes, predom
inantly those stemming from the Three Mile Island (TMI) accident and Nuclear 
Steam Supply System (NSSS) alterations were major factors in a $870 million 
construction cost increase for the two-unit Perry Nuclear Station. The largest 
single category was due to backfits and upgrading related to containment seis
mic strength and cost $245 million. Of this $245M, $198M was due to craft 
labor, $34M for equipment and $22M for engineering. These costs were caused 
by additional pipe hangers (seismic restraints), new piping, additional con
crete at lower levels, new pool swell deflectors, enhanced platform supports, 
and whip restraints for steam breaks. In addition, equipment qualification 
and pipe supports beyond that of containment, such as additions to nonsafety 
piping connected to safety related piping - in response to NRC, cost another 
$42 million. 

The United Engineers and Constructors study [4] for the USDOE on LWR plant 
cost drivers concluded that the capital cost drivers are increased commodities, 
equipment, and manhours, but primarily increased manhours. These manhours are 
driven by inefficient institutional practices, such as: 

• Retrospective (backfit) application of regulations, codes, and standards, 
or new interpretations, thereof. 

• Promulgation of voluntary standards, which incorporate a leading edge of 
the technology. 

• Field implementation of tolerances utilized in manufacturing facilities (pre
cise, close), that are dictated by limitations of the analytical process, 
to Seismic Category I design features. 

Numbers in brackets indicate references at end of paper. 
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• Interpretations of regulatory requirements requiring time consuming negotia
tions to resolve differences among the interpreters (e.g., regulators, ap
plicants, design reviewers, quality assurance auditors). 

• Corrections of system/equipment/component/structure physical interferences, 
that lead to reanalysis, redesign, and rework. 

The USA LMFBR program has also been impacted and experienced nuclear plant 
cost increases due to changing seismic requirements. In 1972, the FFTF had 
to change building and equipment seismic design response spectra. This caused 
many reanalyses and retesting of previously designed components. The pipe sup
ports and snubbers initially supplied to FFTF and installed were found to be 
inadequate. Before FFTF startup, replacement snubbers and strengthened pipe 
supports of qualified design had to be installed at a cost of about $20 million 
to the project. After the CRBR project was well underway, it was deemed neces
sary for the plant earthquake level to be increased from 0.18G to 0.25G. Many 
reanalyses and redesigns, such as the turbine building, led to an increased 
cost of about $30 million. 

III. LESSONS LEARNED 

From past experiences, some general lessons learned for improved seismic 
design include: 

• Firm design conditions and system requirements are needed at project outset. 
• Design criteria, regulatory requirements, and codes need to be stable -
changes must be strictly controlled. Applicability of codes should be ques
tioned, regulatory reform pushed, procedures reduced and clarified. 

• Designs need to be insensitive to close tolerances, have reasonable ability 
to accept unanticipated changes in design requirements without redesign, 
and easy to achieve during construction. 

• Safety related and unrelated components should be separated to eliminate 
their interaction. 

• Standard designs and generic qualification techniques should be used. 
• Qualified analytics and engineering judgment based on experience are needed. 
• Technology needs to be stable and well known. Then, doing the^design job 
right before construction starts will reduce overall costs. 

IV. RECENT ACTIVITIES AND FUTURE NEEDS 

The ongoing seismic technology program sponsored by DOE started almost 
a decade ago. Its goal is a verified technology that can be used to ensure 
inherently safe and reliable operation of economically competitive LMR systems 
and components. Design analysis guidelines, codes, and standards are used to 
transfer this technology to the US nuclear power industry. 

In the past year, studies on seismicity and seismic design for the Eastern 
US and guidelines for treating near-field ground motion were done. Extensive 
work for DOE on ground motion, soi'l-structure interaction, and special topics 
in reactor structures, piping, and equipment was published [5]. 1984 activities 
also included the completion and validation of a computer code for analysis 
of a reactor core with capability to treat multiple ducted assemblies within 
a liquid and with gaps separating the ducts. Seismic damping testing of small 
and intermediate diameter piping systems supported by'mechanical snubbers in 
the FFTF plant were also completed. These tests and prior laboratory tests 
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provided damping data much higher than those of the present NRC Regulatory 
Guide. Changes to the Regulatory Guide were proposed. More background on accom-
plistiments will be given as the future needs are discussed in the following 
paragraphs. 

Some of the important seismic technology activities that are needed to 
support future advanced LMR plant concepts are described. Each one of the ac
tivities are expected to make a significant contribution toward plant cost 
competitiveness, reliability, and licensability. 

LMR focused needs, achievable through DOE actions and sponsorship are: 

• Rationalization/reform of operating basis earthquake (OBE) criteria. 
• Plant and component isolation technical and economic feasibility. 
• Hydrodynamic effects on large reactor vessel and submerged components. 
• Improved analysis methods for core, reactor internals, and seismic-induced 
reactivity changes. 

• Sodium piping increased damping values. 
• Pipe design procedures and criteria recognizing plastic energy absorption 
and structural capacity. 

Desirable additional needs of value to both LMR and LWR plants include: 

• Improved analysis methods for 3-D soil-structure interaction, deconvolution, 
embedment, and building spectra. 

• Improved methods for building modeling considering inelastic properties. 
• Improved qualification analyses and test methods for electrical equipment 
aging effects, active valves, and pumps. 

• Pipe snubber eliminations by replacing them with fixed length articulating 
supports. 

• Industry consensus guidelines and procedures for field routing piping, con
duit, electric cable, and supports thereof. 

Some of the LMR focused needs mentioned above will be explained further. 

1. Rationa^lization/Reform of Operating Basis Earthquake (OBE) Criteria 

The present USA NRC OBE criteria [6] says the magnitude shall be at 
least 50% of the safe shutdown earthquake (SSE). Design qualification for the 
SSE assures public safety for safe shutdown in earthquakes. The NRC Standard 
Review Plan also suggests five OBE's in plant life and ten effective stress 
cycles per OBE. At OBE equal to 50% SSE, much hardware design is governed, 
at much higher costs, by OBE design. By setting OBE criteria based on economic 
risk, the plant owner's financial investment and" plant capital costs are more 
properly balanced. 

The USA OBE criteria are considered ambiguous by many [7]. In fact, 
the USA NRC has accepted OBE magnitudes less than 1/2 SSE for a number of 
plants. Examples are: 

Yellow Creek Marble Hill 
Squire Diablo Canyon 
Watts Bar Belleforte 
Sequoyah Byron 
Kosh Konong _ Fast Flux Test Facility 
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The OBE magnitudes ranged between 20% to 40% of their SSE magnitude 
and were usually tied to earthquake probabilistic return periods in the range 
of 100 to 400 years. The return periods for SSE range from about 10^ to 10^ 
years. Return periods for 1/2 SSE range from about 300 to 1500 years. It ap
pears that a 100 to 300 year recurrence interval OBE is favored by many experts 
[7]. 

Guidelines and methods are needed for the USA plant owner to use in 
defining rational OBE magnitude and effective cycles per event. Considerations 
include site seismicity, earthquake return rates, plant recovery and inspection 
costs in event of OBE, and design and hardware costs for OBE qualification. 

A report with justifications and procedures for USA plant owner deter
mination of a rational OBE level needs to be drafted, reviewed by potential 
industry users and the NRC to reach final guidelines and NRC acceptance. With 
the desired criteria changes and guidelines implemented, cost reduction of 
hardware and design by $50-100 million per plant would be expected. 

2. Plant and Component Isolation 

Isolation reduces the destructive effects of earthquakes. This in 
turn permits the design and construction of significantly lighter components 
and structures which are less expensive and which are inherently better able 
to resist thermal effects. Cost savings of $30-35M have been estimated. More
over, by permitting standard plant designs for a wide range of site conditions, 
much further cost reductions are possible. 

The seismic horizontal isolation concept has been used - some large 
buildings in the United States, New Zealand, Yugoslavia, Greece, and France 
have such construction and the French have LWR plant applications at Koeberg 
and Cruas. Vertical isolation is much more difficult. Fig. 1 shows an example 
isolation system. Seismic isolation appears technically feasible, but further 
work is needed. 

Recent DOE-sponsored studies [5] and others [8,9] have evaluated po
tential for use of seismic isolation under nuclear island base mats and struc
tures. Basic considerations in evaluating seismic isolation for LMR plants 
include: (1) reduced seismic response and spectra shift, see Figs. 2 and 3; 
(2) other technical design considerations; (3) system interfacing/plant design;-
(4) construction aspects; (5) in-service inspection and testing; (6) mainten
ance, repair, and alteration; (7) licensability, and (8) cost and schedule. 

The near-term R&D needs include the development of models, reliable 
analytical methods, and design considerations for seismic isolation of struc
tures and components. The effectiveness of various systems with isolated com
ponents (reactor vessel, etc.) for partial isolation and for vertical isolation 
and their overall practicality need to be determined. The isolation studies 
should consider plant size - 100 megawatt to 1300 megawatt, isolation mat at 
grade or embedded, and the effects on reactor vessel, internals, and core com
ponents. Both small scale model shake tests and large scale tests of the most 
promising designs on large shake tables such as at Berkeley, California, USA, 
or in Japan will eventually be needed. International collaboration on isolation 
technology could reduce costs and speed development for all involved. 

3. Hydrodynamic Effects on Large Reactor Vessel and Submerged Components 

Unlike loop-type reactors, advanced LMR pool reactors may contain 
large volumes of sodium and many important large individual components within 
the reactor vessel [10], see Fig. 4. The hydrodynamic effects, fluid-structure 
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interactions, and loads imposed during earthquakes are not well understood -
practical design analysis methods do not exist in the USA. Conservative scoping 
studies have shown these effects are important and a major cost factor in de
sign of reactor structures. More accurate analysis methods will permit rational 
evaluation and reduce significantly the cost of overconservative design. These 
methods are also important for the safety evaluation and licensing of LMR 
pool-type plants. 

Recent DOE-sponsored work has developed a computer code for evaluating 
fluiti-structure interactions using finite element methods. This code, FLUSTR 
[11], is being improved with a more efficient algorithm to save computer core 
storage, reduce running CPU time, and permit treatment of the large complex 
fluid-structure systems. The completion and validation of an efficient computer 
code are the next steps. 

Exploratory tests in late 1984 were undertaken to better understand 
hydrodynamic effects on seismic loads in the vessel and on the submerged com
ponents. Further experimental data on fluid-structure seismic response may 
be needed for validation of the fluid modeling technique and the capability 
of the computer code in predicting the dynamic response. Acquisition of test 
data through international exchange or collaborative programs should be ex
plored for mutual cost savings. 

Applications of the advanced computer code to a reasonably complex 
LMR vessel and internals including models for deck-mounted, off-center IHX's 
and pumps, core barrel, core support structure, and reactor baffle plate are 
needed to develop guidelines for hydrodynamic effects during earthquakes. The 
guidelines for use in design of large pool-type and other advanced reactors 
should also address large sodium volumes with and without free surfaces, smal
ler sodium volumes between components with relative displacements, and sodium 
motion relative to perforated components. 

4. Core Seismic Methods and Criteria 

During seismic events, LMR core structural components are subjected 
to impact loadings which are complex functions of time [12]. The evaluation 
of core components to withstand these loadings addresses dynamic response be
havior and the mechanical strength under impulsive loading. Establishing the 
load tolerance requires a combination of analysis and experimental data. The 
avoidance of component damage or unacceptable retarding of safety rod insertion 
during an earthquake are important to the core integrity, safe operation, and 
safe shutdown of the reactor. 

During the period 1976 through 1983, DOE sponsored the development 
of an advanced computer code for core seismic dynamic analysis [13]. This code, 
named SCRAP, provides an analytic prediction of seismic response loads on LMR 
cores. Complex impact dynamics of a large array of components closely coupled 
by fluid inertia effects are treated. 

Validation of the SCRAP code required full scale tests because of 
the nonlinear nature of the response. Data from full scale model tests of core 
duct assemblies in water conducted on shake tables were utilized. Comparison 
of calculated results from SCRAP simulations of those tests confirmed the abil
ity of the SCRAP code. The relationships of peak impact forces and peak dis
placements for a constrained core to the modeling of the effective stiffness 
of thejoad pad and the gap between the assemblies were also studied. 

Seismic design studies of advanced plants have shown the core seismic 
strength to limit the acceptable seismic input to the reactor vessel, its sup
ports, and reactor building. With low core seismic strength, more massive sup-
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ports and buildings, and significant added costs result. Therefore, accurate 
predictions of core duct seismic response and strength are important to cost 
reduction. 

Core seismic structural design analysis methods for estimating impact 
loads and design criteria for specifying load limits for the core components 
have been proposed. However, further validation of these methods and criteria 
is desirable. Presently, the US has test programs in progress on reactor core 
compoYients which focus on tests of core duct load pad deformations and duct 
dynamic characteristics under impact loads. 

5. Sodium Piping Increased Damping Values 

One of the most important parameters required in seismic dynamic anal
yses of reactor piping systems is the damping value associated with the partic
ular piping system. Damping affects the dynamic amplification of the response 
motion. The damping values which are presently used for sodium piping systems 
are based on regulatory positions, and are considered to be conservative. For 
example, for large diameter piping systems, USNRC Regulatory Guide 1.61 [12] 
specifies damping values of only 3% and 2% of critical for the SSE for large 
diameter and small diameter piping, respectively. 

Available test data on some LMR piping systems have shown that higher 
damping exists. These data were derived from several test programs performed 
both in the US and elsewhere. In addition, data for LWR piping systems collec
ted in the US show damping values higher than those of the Regulatory Guide 
1.61. Higher damping values in seismic analysis have the potential to enable 
substantial reduction in design costs and plant capital costs through more 
economical design of piping systems. 

A major concern in both LWR and LMR industries has been the increased 
rigidity of piping systems resulting from seismic load requirements and prolif
eration of pipe supports. 

Substantial activities in both industries have been underway for some 
time. In the last year, in response to a request by the American Society of 
Mechanical Engineers (ASME), a special committee under the auspices of the 
Pressure Vessel Research Committee (PVRC) was formed to critique current design 
practices for piping systems. The committee objective is to make recommenda
tions for reducing conservatisms, improving restraint systems, providing more 
uniform margins for various loading conditions, and improving the overall func
tional and structural reliability of the total piping system. The committee 
is currently looking at four areas: (1) damping values, (2) spectra, (3) dy
namic stress criteria, and (4) industry practice. 

In 1984, PVRC recommended that damping values for seismic events be 
modified significantly. The bases and justification for this technical position 
have been compiled in a draft PVRC report issued to PVRC, NRC, and ASME code 
committees for review and comments. Because of the heavy insulation normally 
applied to the outside of LMR small bore pipe and the thin-walled nature of 
the large bore LMR pipe, the PVRC study excluded all insulated LMR pipe test 
data, judging it to be atypical of LWR's. 

Recently, ASME Code Case N-411, Alternative Damping Values for Seismic 
Analysis of Piping Section III, Division 1, Class 1, 2, and 3, was issued. 
This case was based on lightly-insulated or uninsulated piping. 

Although Code Case N-411 will apply to most LWR nuclear power plant 
piping applications, other nuclear plants throughout the world such as LMR 
and high temperature gas reactors (HTGR) have a large amount of heavily-
insulated piping. 
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Under USDOE sponsorship, a survey of heavily-insulated pipe test damp
ing data has been collected and evaluated. Fig. 5 shows one of the test sys
tems. The tests accomplished were mostly representative of small bore pipe, 
200 mm (eight-inch) diameter and smaller with prototypic insulation and sup
ports [15,16]. Much higher damping than presently specified in Regulatory Guide 
1.61 has been found in these LMFBR pipe tests. 

The USDOE evaluation developed a technical position and justification 
for LMFBR small bore (i.e., equal or smaller than 200 mm, eight-inch diameter) 
insulated pipe damping values recommended for design, see Figs. 6 and 7. The 
USNRC was formally requested to review and accept the DOE-proposed values. 
An ASME inquiry and proposed code case for insulated piping damping values 
also have been initiated. 

The USDOE recommendation was developed after technical review and 
consensus of representatives of our national laboratories and industry contrac
tors working on LMFBR activities. The recommendation is to use a critical damp
ing value of 8% for both OBE and SSE design of piping with diameter one-inch 
and smaller, 5% for 200 mm (eight-inch) diameter, and linear interpolation 
permitted between 25 mm and 200 mm sizes. The applicability of these higher 
damping values is based on insulation weight and diameter criteria. Fig. 7, 
typical of heavily-insulated LMR piping. 

To begin evaluation of what damping values should be used for seismic 
design of heavily-insulated LMFBR pipe systems larger than eight-inch diameter, 
a series of in-situ damping tests were conducted on the FFTF 400 mm (16-inch) 
diameter pipe system. The testing resulted in measured damping in excess of 
the recommended values. A sample of the findings is given in Figs. 8 and 9. 
These tests represent a limited data base. The tests had low excitation levels 
and the pipe stresses were kept elastic to assure no system damage. As data 
are developed under higher loading, more typical of actual SSE, enhanced damp
ing due to plastic response is expected. This should produce significant in
creased levels of damping as shown in the trends of Fig. 10. For the present, 
the ASME Code Case N-411 damping values for uninsulated LWR piping are con
sidered conservative for use in design of heavily-insulated large bore LMFBR 
piping. 

6. Pipe Design Procedures and Criteria 

Recent studies [1-4] have revealed pipe and support design and instal
lation to be very significant cost drivers for nuclear plants. Too may supports 
clutter the plant, add large costs, and actually result in lower pipe system 
operating reliability due to the relatively lower reliability of the supports. 
It is also generally held that piping systems, especially the more flexible 
small bore piping, have large seismic reserve strength margins above the pre
sent design basis requirements. Two major areas of conservatism in the present 
design methods (due to material nonlinearities and energy absorption) are the 
conservative treatment of damping and use of elastic design. 

The presently used technology for seismic design of piping mainly 
involves two methods of analysis; the response spectra method and the time-
history method. The response spectra method is based on linear models and damp
ing values consistent with elastic response and small motions. Where nonlinear 
effects were deemed important, such as when large gaps and free play exist 
between the piping and support or in the supporting elements, the time-history 
methods have been used. However, due to the relative large costs of performing 
nonlinear time-history analysis, this method has usually been applied to only 
the few large bore pipes in a nuclear plant or for R&D evaluations of typical 
small bore piping. 
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The USDOE has sponsored an extensive test program in this area over 
the past six years. This program has included tests to characterize the piping 
restraint elements (i.e., clamps, snubbers, hangers, etc.), laboratory tests 
of 25 mm diameter (one-inch bore) and 200 mm diameter piping (eight-inch bore), 
in-situ tests of small bore (one to three-inch bore) piping, and in-situ tests 
of a 400 mm (16-inch) bore piping. 

Analytical predictions have been made for comparison to measured data 
obtained from the DOE 25 mm (one-inch) [17] and 200 mm (eight-inch) [18] bore 
piping laboratory tests. Methods for modeling support elements, gaps, and non
linear effects have been developed by DOE. Fig. 10 is an example correlation 
of predicted and test response for the snapback damping of the FFTF 400 mm 
(16-inch) diameter pipe system. The good correlation confirms the adequacy 
of the nonlinear support, pipe system modeling. 

When high level seismic excitation causes local pipe plastification, 
beneficial increased energy absorption develops. Although the existing seismic 
design criteria permits plastic deformation without leakage, the design anal
ysis methods to demonstrate acceptable plastic deformation are not well estab
lished. 

An approach to account for beneficial energy absorption from the plas
tic response, that does not require costly nonlinear time-history analysis 
for design, has been proposed by Newmark [19]. Recently, others have expanded 
this method [20]. Experimental work in the USA [21] and West Germany [22] shows 
large reserve strength margins and energy absorption in the piping. These tests 
revealed no pipe system collapse, leak, or pressure loss failures at extreme 
loads up to 300-400% of the code allowables. Significant capacity beyond their 
elastic capacity was demonstrated. Some work in Japan, under PNC sponsorship, 
has also been reported [23]. Recently, the use of strain limits instead of 
stress based criteria has been suggested to PVRC, ASME committees, and NRC 
for consideration. 

More test data and evaluation are needed to develop design procedures 
and justify their adequacy and use. Rules and methods for plastic seismic de
sign that avoid individual design analyses for small bore piping is highly 
desired. 

With these technology improvements, designers will be able to justify 
a much reduced number of supports and snubbers. This will result in increased 
system reliability and significant cost reduction. 

V. CONCLUSIONS 

The strategy for cost reduction through improved seismic design is to 
obtain improved engineering practice with existing technology and develop im
proved technology. Documented and validated procedures, guidelines, and cri
teria that will be acceptable to licensing authorities and lead to substantial 
cost reduction for future plants should be pursued. 

At present, the lack of stable design criteria and methods for seismic 
design can lead to future costly features of redundancy, excessive conserva
tism, and potential rework before licensing. Significant seismic design tech
nology work needs to be accomplished to preclude this. This work can provide 
the designer with guidelines and rules with the accuracy needed to defend and 
optimize the seismic design, and ensure economic designs and effect licensing. 
The culmination of several of the tasks could be the reform and improvement 
of currently restrictive and cost-escalating regulations and requirements. 
More precise definition of design margins also will strongly support inherent 
safety evaluations that will be made for advanced plant concepts. Finally, 
and very importantly, this technology development is expected to significantly 
promote reduced cost designs for future plant optimization. 
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