
 
 Transactions, SMiRT-22 

San Francisco, California, USA - August 18-23, 2013 
Division 7 

 

1 
 

THE SEISMIC SAFETY EVALUATION PROGRAM OF THE ATUCHA I 
NPP-ARGENTINA 

Antonio R. Godoy1, Dr. James J. Johnson2, Dr. Alicia Couto3 and Carolina Romano4 
 

1 Managing Director, James J. Johnson and Associates, Vienna, Austria 
2 President, James J. Johnson and Associates, Alamo, CA  
3 Deputy Manager of Nuclear Safety and Licensing, Nucleoeléctrica Argentina S.A. (Argentina) 
4 PSA Division Head, Atucha I NPP, Nucleoeléctrica Argentina S.A. (Argentina) 

ABSTRACT 
The 11 March 2011 earthquake and tsunami in Japan and the subsequent nuclear accident at the 

Fukushima Daiichi NPP required a number of urgent actions to be taken by the nuclear community 
worldwide. This is the first time that external hazards have significantly contributed to a nuclear accident, 
emphasizing that such events challenge all layers of defense in depth. The overarching lesson to be 
learned is that an integrated approach is needed to protect nuclear installations against external hazards.  

In this regard, a safety assessment program was formulated by Nucleoeléctrica Argentina SA 
(NA-SA), the operating organization of the Atucha I NPP (CNA-I) in Argentina to evaluate its safety 
against external hazards.  The program is in full compliance with updated international safety standards 
and worldwide recognized engineering practice.  Implementation of this program allows NA-SA to apply 
for operating license renewal and plant life extension.  NA-SA is also responsible for the Embalse NPP 
and for the construction of Unit II at the Atucha site.  At the time of the Fukushima accident, NA-SA was 
in the process of updating the seismic hazard for both sites, Atucha and Embalse.   

This paper presents the details and results to-date of the integrated and comprehensive program to 
evaluate the seismic safety of CNA-I, formulated by James J Johnson & Associates (JJJ & Associates) 
upon request by NA-SA.  This program fulfills the requirements by the Argentina Nuclear Regulatory 
Authority (ARN) to conduct a “Resistance Assessment” similar to the “Stress Tests” performed at the 
European reactors as requested by WENRA as well as the WANO recommendations (SOER2011-2, 
SOER 2011-3 Significant Operating Experience Reports). 

INTRODUCTION 
During the last years, an increasing international concern has been raised about the occurrence of 

extreme natural hazards (earthquakes, tsunamis, hazardous volcanic phenomena, meteorological and 
hydrological hazards) and their possible impact on the safety of nuclear installations.   

Although in the past three decades a few nuclear power plants (NPPs) have experienced 
earthquake ground motions, recent strong earthquakes have occurred that exceeded the original seismic 
design or evaluation levels and affected operating NPPs, mainly in Japan.  This experience shows that 
operating plants were shut down immediately following the event and remained shut down for extended 
periods while comprehensive -and sometimes lengthy- evaluations were conducted to assess their safety.   

In most cases, no significant damage was identified.  In a limited number of cases, upgrades were 
implemented to meet new higher seismic hazards or requirements for beyond design basis earthquakes.  
The Kashiwazaki-Kariwa NPP, the biggest NPP in the world, affected by the NCO earthquake of July 16, 
2007 is a clear example.  The 11 March 2011 Tōhoku 1earthquake and tsunami, in Japan, led to the 
subsequent nuclear accident at the Fukushima Daiichi NPP.  This is the first time that external hazards 
have significantly contributed to a nuclear accident, challenging all layers of the defense in depth.   

One of the key findings of these events is that the protection of nuclear installations against 
external hazards requires the formulation and application of an integrated approach aimed to determine 

                                                 
1 The Tōhoku earthquake is formally called the Tohoku-chiho Taiheiyo-oki earthquake by the United States Geological Survey. 
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the plant safety margin and its performance when subjected to the occurrence of beyond design basis 
initiating events that could cause the loss of safety functions and the need for corresponding severe 
accident management activities.   

CNA-I SEISMIC SAFETY EVALUATION PROGRAM – WHY? – WHAT FOR? 
This paper presents the details and results to-date of the integrated and comprehensive seismic 

safety evaluation program formulated to NA-SA by JJJ & Associates to assess the seismic capacity of 
CNA-I and to determine its seismic safety margin to the new seismic hazard defined for the site allowing 
NA-SA to apply for the operating license renewal and plant life extension of this unit.   

The program is in full compliance with updated international safety standards and worldwide 
recognized engineering practice and takes into account the lessons learned from recent extreme natural 
events.     

CNA I is an NPP with a PHWR type reactor of 357 MWe capacity (supplier is Siemens, 
Germany).  Construction of CNA I started in June 1968 and its commercial operation in June 1974.  CNA 
I has high safety levels and performance records and significant safety upgrades were implemented during 
its operational life, including a new core emergency cooling system through steam generators (as a second 
heat sink), installation of insulating valves in the pressurized auxiliary line, safety assessment of the 
reactor pressure vessel integrity, electrical interconnection between Atucha I and II, new design of the 
reactor pressure vessel internal components, and elimination of the reactor internal material "stellite-6". 

CNA I was not originally designed for seismic hazards due to the vintage of the facility and its 
location at a very low seismicity site in accordance with the criteria and data knowledge available at that 
time.  As a summary, the following reasons motivated NA-SA to undertake an integrated seismic safety 
evaluation program which began in 2011 and is ongoing: 
− to comply with current international recommendations of a minimum seismic hazard level, (i.e. 

the IAEA recommendation that any nuclear installation should be designed and qualified to a 
minimum value of 0.10g peak ground acceleration (PGA)); 

− to apply for the renewal of the operating license to the regulatory authority, as well as for the plan 
for life extension; 

− to respond effectively to lessons learned from actual strong earthquakes affecting plants world-
wide, mainly in Japan; which motivated corresponding regulatory requirements;  

− to address the issue of performance of the installation for beyond design basis in order to provide 
confidence that there are no cliff edge effects and that proper mitigation measures are in place to 
cope with nuclear emergencies caused by external events. 
The program was defined using a phased approach:   

Phase 1:  Scoping Study and Preliminary Plant Walkdown 
Phase 2: Development of the Safe Shutdown Equipment List (SSEL) and System Walkdown 
Phase 3: Seismic Response and In Structure Response Spectra Determination 
Phase 4: Seismic Capability Walkdown – Screening Process 
Phase 5: Structure Capacity Evaluation and Detailed Analysis. 

The objectives of the seismic safety evaluation should be clearly established before the evaluation 
process is initiated and the program is formulated.  There are significant differences among the available 
evaluation procedures and acceptance criteria, depending on the objectives of the evaluation.  The 
following were considered:  
i. Measures of the seismic capacity of CNA I; 
ii. Structures, systems and components (SSCs) with low seismic capacity, and the associated 

consequences for plant safety, for decision making and upgrading programs; 
iii. Operational modifications to improve seismic safety; 
iv. Improvements to housekeeping practices; 
v. Interaction issues including seismically induced fire and flood hazards;  
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vi. Actions to be taken before, during and after the occurrence of an earthquake that affects the 
installation, including arrangements for and actions in operational and management response, 
analysis of the obtained instrumental seismic records and performed inspections; 

vii. A framework to provide input to risk informed decision making. 

REGULATORY FRAMEWORK AND APPLICABLE STANDARDS  
It was agreed by NA-SA that the seismic safety evaluation program follows strictly the guidance 

recommended by IAEA in the new Safety Guide NS-G-2.13 “Evaluation of Seismic Safety for Existing 
Nuclear Installations”[IAEA 2009]. Thus, this international safety standard, including all its References, 
was adopted.  Considering that no specific national regulatory requirements are available, the scope, 
objectives and methodologies to be applied of the seismic safety evaluation were presented to and 
discussed with the Argentina Nuclear Regulatory Authority. 

REVIEW LEVEL EARTHQUAKE 
Recently, two probabilistic seismic hazard analyses (PSHA) were performed for the Atucha site 

by two independent organizations, aimed to different objectives, i.e. a probabilistic fracture mechanics 
study for the primary circuit and the seismic safety evaluation of the Atucha II NPP (CNA-II).  The 
studies were reviewed on the basis of the newly published IAEA Safety Guide SSG-9.  One study 
considered the full range of probability of exceedance ground motions and was utilized in the application 
of the procedures of ASCE 43-05 to develop the recommended ground motions for the Review Level 
earthquake (RLE).  The end result was consistent with the second PSHA study.  Thus, the RLE was 
defined by the following parameters:  
− Annual frequency of exceedance: 10-4  - mean value 
− Ground motion parameter:  Peak Ground Acceleration = 0.10g  
− Associated response spectra:  Envelope Spectra from Uniform Hazard Response 

Spectra, including US ASCE43-05/Design Factor considerations,  
− Site response analysis:   Considered in the PSHA performed 
− Control point:    Free field at ground surface level 

The following figure shows the horizontal response spectrum (5% damping) of the RLE for the 
Atucha site as proposed and accepted by the Argentina National Regulatory Authority (ARN).   
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SEISMIC SAFETY EVALUATION METHODS – HOW? 
Three methodologies have been used by the international nuclear community to assess the seismic 

safety of nuclear power plants for beyond design basis seismic events.  These methodologies are mature 
after 30 years of development and application in many countries worldwide.  They are: 
• the Seismic Margin Assessment (SMA), [EPRI 1991];   
• the Seismic Probabilistic Safety Assessment (SPSA, also known as SPRA or “seismic 

probabilistic risk assessment”), [ASME 2007];   
• the Probabilistic Safety Assessment based Seismic Margin Assessment (PSA based SMA). 

The IAEA Safety Guide NS-G-2.13 [IAEA 2009] recommends two of those three methodologies 
for performing an evaluation of the seismic capacity of an installation, the deterministic SMA and the 
probabilistic SPSA.     

One point of emphasis is that the performance criteria of SSCs when subjected to or experiencing 
an earthquake ground motion are essential to all methodologies.  The performance criteria are the metric 
for which the High Confidence of Low Probability of Failure (HCLPF) or fragility function is derived.  
HCLPF values are defined as about a 99% confidence (which is equivalent to a 95% confidence of a less 
than 5% probability of failure, if aleatory and epistemic uncertainties were developed) that the item of 
interest meets the successful performance criteria at the RLE shaking level.  An example is the required 
rate and volume that a pump needs to deliver over a specified period of time.  An important aspect of 
performance criteria is whether the SSC has to perform its function during the shaking, after the shaking 
has stopped, or both.  The performance criteria are essential to be identified in conjunction with the 
development of the safe shutdown equipment list (SSEL).  Different, and more stringent, evaluation tools 
are applicable if the SSC is required to operate during the shaking as opposed to only after the shaking 
has stopped.   
Deterministic SMA methodology – EPRI SMA  

The deterministic SMA approach was developed during the 1980s by EPRI [EPRI 1991] and it is 
the most dominant approach for world-wide applications to existing installations.   

The philosophy behind the SMA methodology is that great benefit can be derived from an 
analysis of a nuclear power plant that is already in operation (or at least has been completely designed and 
is in the construction phase), by an analysis with the following primary and secondary objectives: 

The primary objective may be formulated as follows:  Given a postulated “review level 
earthquake” whose “size” is greater than the earthquake “size” for which the nuclear power plant has 
been designed, can the plant survive such an earthquake without a serious accident?  Here the words 
“serious accident” are usually intended to mean an accident leading to damage to the reactor core, and the 
word “survive” usually is intended to mean “reach a safe and stable shutdown state.” 

A secondary objective is to identify the leading contributors to earthquake-initiated accidents, for 
the case when the plant is found to be vulnerable to at least some accident sequences that could be 
initiated by an earthquake smaller than the “review level earthquake” used in the SMA analysis.  If no 
such accident sequences are identified in the SMA, then the SMA’s result will be a technically-based 
finding to that effect.   

The deterministic SMA process starts with defining a RLE that will define the seismic demand on 
the structures and components.   

The goal is to demonstrate, if true, that all structures and components necessary to shut down the 
plant and keep it safe and secure in a “success path” have a HCLPF capacity larger than the RLE.  In the 
deterministic SMA process a minimum of two safe shutdown success paths is required to be assessed.  
One of the two shutdown success paths must include the mitigation of a small LOCA.  Rules for defining 
the HCLPFs of SSCs by the conservative deterministic failure margin (CDFM) process are spelled out in 
the EPRI guidance document [EPRI 1991].   

This approach is less quantitative than a SPSA or PSA based SMA but for low seismicity sites it 
is relatively easy to show that the HCLPFs of the SSCs are significantly higher than the site specific 
seismic hazard.   
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This method is the preferred method for low seismicity sites since the seismic walkdown 
screening rules, based on seismic experience, can almost always demonstrate that the seismic HCLPF 
capacity exceeds the RLE. 
The probabilistic SPSA methodology   

The seismic probabilistic safety assessment (SPSA) is an integrated process whose end goal is to 
provide an estimate of the overall frequency of failure of a pre-determined plant level damage state, such 
as the annual frequency of reactor core damage, or the annual frequency of large radioactive releases.   

A SPSA requires that the plant response to an earthquake be modeled using event tree and fault 
tree logic to define earthquake induced scenarios that could lead to core damage.  Random failures are 
also included in the modeling process such as random failure of diesel generators to start on seismic 
induced loss of offsite power.  Human errors that participate in the accident sequences are also modeled.   

The SSCs modeled in the event trees and fault trees are compiled into a seismic equipment list 
(SEL) and seismic fragilities are developed for these SSCs.  The fragilities are expressed as the 
conditional probability of failure relative to a seismic ground motion parameter such as peak ground 
acceleration.  The mathematical model is then convolved with the seismic hazard to determine the annual 
frequency of core damage (CDF, core damage frequency).   

A major difference between a SPSA analysis and either of the other (margin) methodologies is 
that for SPSA a site-specific PSHA is required. 

The SPSA can be used to determine a point estimate of CDF (approximate mean CDF) or if the 
uncertainties in seismic demand and seismic fragility are developed, a full uncertainty analysis can be 
conducted to determine the distribution of the analyst’s state of knowledge of core damage frequency.  
The model can be further expanded to conduct a Level 2 PSA wherein the frequency of release of 
radioactive materials is computed for different release sizes (large early release, large release, medium 
release and small release).   

The full SPSA, including random failures and uncertainty analysis, presents a more complete 
quantitative picture of the risk due to earthquakes for comparison to the risk from internal events and 
other external events such as fire and flood.   
PSA Based SMA methodology 

The PSA based SMA methodology has been developed by US NRC and it is a derivative of the 
SPSA approach.  It has been mainly used for new power plant designs for which the seismic hazard for a 
specific site is not yet defined, but it is applicable as well to plants that have already been constructed. 

The PSA based SMA systems modeling process is the same as for the full PSA.  Event trees and 
fault trees are developed and seismic fragilities are developed for the structures and equipment in the 
event trees and fault trees.  Differences from a full SPSA include the fact that a site-specific PSHA is not 
required, i.e., the model may be used to determine the plant level HCLPF conditional only on a ground 
motion spectral shape.  With regard to uncertainty analysis, if only the composite variability (βc) of each 
fragility curve is derived or assumed, then the HCLPF of accident sequences and of the plant is defined as 
approximately the 1% probability of failure   
A comparison among different situations and methodologies 

There are significant differences among these evaluation procedures and acceptance criteria, 
depending on its purpose.  The objectives of the seismic safety evaluation may include one or more of the 
following and may be addressed by the SPSA, SMA, and/or PSA-based SMA as noted:  

a. To demonstrate the seismic safety margin beyond the original design basis earthquake and to 
confirm that there are no cliff edge effects – SPSA/SMA/PSA-based SMA;  

b. To identify weak links in the installation and its operations with respect to seismic events – 
SPSA/SMA/PSA-based SMA;  

c. To evaluate a group of installations, e.g., all the installations in a region or a State, to determine 
their relative seismic capacity and/or their risk ranking. For this purpose, similar and comparable 
methodologies should be adopted – SPSA/SMA/PSA-based SMA;  

d. To provide input for risk informed decision making – SPSA/PSA-based SMA;  
e. To identify and prioritize possible upgrades – SPSA/SMA/PSA-based SMA;  
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f. To assess risk metrics – SPSA, e.g., core damage frequency and large early release frequency of 
quantities of radiological material, against regulatory requirements, if any;   

g. To assess plant capacity metrics, e.g., systems level and plant level fragilities or high confidence 
of low probability of failure (HCLPF) values, against regulatory expectations – SPSA/SMA/PSA-
based SMA.   

The objectives of the CNA-I seismic safety evaluation are satisfied at this time by meeting objectives 
a., b., and g., which are met through implementation of the SMA.  Potential end products of the seismic 
safety evaluation are:   

i. Measures of the seismic capacity of the nuclear installation in deterministic or probabilistic terms;  
ii. Identification of SSCs with relatively low seismic capacity, and the consequences for plant safety;  

iii. Identification of operational modifications to improve seismic capacity;  
iv. Identification of improvements to housekeeping practices;  
v. Identification of concomitant events, e.g., seismic-induced upstream dam failure;  

vi. Identification of actions to be taken before, during and after the occurrence of an earthquake;  
vii. A framework to provide input to risk informed decision making.  

The selection of the approach is based on all of the above mentioned considerations.  Finally, 
concurrence with the Regulatory Authority is important.   

Once the decision has been made as to the approach, the Operator needs to commit the necessary 
expertise and resources to the execution of the program.  Another consideration is that future maintenance 
of the program is important, i.e., configuration control.  The deterministic SMA approach is the easiest 
methodology for the Operator’s staff to maintain due to its lack of necessity of calculating fragility 
functions for new and replacement equipment, etc.   

PHASE 1 SCOPING STUDY AND PRELIMINARY PLANT WALKDOWN 
Phase 1 corresponds to a scoping study, including performing a preliminary plant walkdown, for 

defining the final scope of the seismic safety evaluation program to achieve NA-SA objectives.  One of 
the outcomes of Phase 1 is the identification of potential CNA I weak links when subjected to earthquake 
ground motion, i.e., SSCs, and operational procedures which may require modifications.  Initial 
recommendations on potential upgrades (easy fixes) were made.  Assumptions for the complete seismic 
safety evaluation program were developed as follows:  

i. Methodology of evaluation (SMA, SPSA, or other): The EPRI (deterministic) Seismic Margin 
Assessment (SMA) Method was agreed with NA-SA to be used; 

ii. RLE based on PSHA results;  
iii. Operational assumptions: Loss of off-site power and no recovery in a 72 hour period (see 

viii below); no “Large LOCA” to be considered; seismically-initiated small LOCAs and 
transients to be taken into account; components on the “success paths” need to be identified 
down to the level where the seismic capacity of an individual component can be assessed;  

iv. Seismic procedure and number of success paths: EPRI SMA methodology was selected 
and two success paths were defined - one definition of the success path is safe shutdown of the 
plant (hot or cold shutdown) and maintaining the plant in this condition for 72 hours after the 
earthquake occurs - the success path includes front line and support systems; and one of the 
selected success path mitigates a small LOCA;  

v. Requirements of systems to mitigate earthquake induced plant events such as loss of off-site 
power, station blackout and small LOCA: See iv above;  

vi. NSSS analyses to be performed, i.e., a very important task if seismic evaluation by analysis 
and/or fracture mechanics evaluation of the primary system should be done: 

vii.  Critical relay review: To be discussed after SSEL is complete and seismic capability walkdown 
is performed, to be executed during Phase 5; 

viii. Availability of outside assistance: Generally assumed to not be available within 72 hours. 
ix. Plant seismic capacity metric: The high confidence of low probability of failure (HCLPF) for 

the plant will be determined from the US-EPRI SMA methodology. 
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x. Screening criteria: The screening tables in [EPRI 1991] used as a screening tool, i.e., high, 
medium, and low capacity items will be identified and dispositioned appropriately.   

A summary of the findings of the preliminary scoping plant walkdown  
• The CNA I appears well maintained and very clean;   
• A representative from the regulatory authority participated in the plant walkdown;  
• The preliminary conclusions from the plant walkdown are:  

– Mechanical equipment.  Mechanical equipment looks very good and it will likely meet the 
seismic experience based screening criteria of EPRI NP-6041 SL, Rev. 1.   The anchorage 
of mechanical equipment will likely be shown to meet the HCLPF value of PGA = 0.3g if 
realistic seismic demand (in-structure response spectra (ISRS)) is defined. The seismic 
systems interaction hazards did not appear to be a major issue.   

– Electrical equipment.  Electrical equipment will require evaluation and possible bracing, 
especially for the electrical equipment and cabinets supported on raised floors and lacking 
positive anchorage to the floor slabs below. 

– Structures and buildings.   The capacity of structures and buildings will be determined from 
analytical evaluations.  In some cases, it will be easy to show capacity greater than the 
demand generated by the RLE; in other cases, a detailed structural capacity evaluation, 
including nonlinear behaviour, will be required, e.g., the second heat sink building.   

– Geotechnical stability.  The stability of the steep slope to the cooling water intake structures 
– with the essential connection to the ultimate heat sink - and its effect on buildings, 
underground chases for piping and other distribution systems, etc. requires evaluation.  

• Some easy fixes were identified and recommended to be implemented:  
– Electrical and I&C cabinets on raised floors:  Positive anchorage to floor slab below and/or 

top bracing in two horizontal directions should be implemented;  
– Batteries that do not have longitudinal restraints and have the potential to slide:  Additional 

restraints for the racks are required; configurations with rigid connections between terminals 
require spacers between batteries to eliminate the vulnerability;  

– Control room panels:  The lower and upper structural sections show some connectivity 
issues; it is recommended that the upper panels are top braced to the concrete wall behind;  

– I&C panels:  There are edge distance issues of cable chases; the anchorage should be verified 
and/or top bracing installed;  

– Three Emergency Diesel Generators (EDGs), including their control panels, in the turbine 
building:  Flooding hazard due to breaks in piping, tank, or condenser failure is an issue; 
possible fix is to construct a low concrete wall/dam around the pit where the EDGs are 
located to prevent flooding damage to them.   

• Additional issues were identified to be considered: 
– Seismic/flood interaction issues, seismic and flood evaluations;  
– Seismic instrumentation, earthquake preparedness, and operational response:  It is 

recommended that substantial improvements should be implemented in order to comply with 
updated regulations and international practice.   

PHASE 2 DEVELOPMENT OF THE SAFE SHUTDOWN EQUIPMENT LIST (SSEL) AND 
SYSTEM WALKDOWN 

In accordance with the EPRI SMA methodology, NA-SA defined the success paths the 
corresponding list of required components, the Safe Shutdown Equipment List (SSEL).     

A final independent review of the required success paths to cope with a RLE occurrence was 
performed by JJJ & Associates.  This review had the following specific objectives: (i) to determine 
whether the approach used by NA-SA is consistent with the EPRI SMA guidance for accomplishing the 
“systems aspect” of a seismic margin assessment for CNA I -- specifically, for accomplishing the 
development of an appropriate list of the equipment required for safe shutdown of the plant based on two 
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appropriately selected success paths; and (ii) to identify any specific issues to be addressed, based on the 
reviewer’s experience and discussions with the plant staff.   

The review of the SSEL selection process and the two success paths selected by NA-SA for CNA 
I was carried out through extensive discussions with the NA-SA systems analysis team.  The overall 
conclusion of this review was that it meets all requirements of the SMA.  The NA-SA systems analysis 
team understands well the requirements for this work and has carried it out appropriately.  The total 
number of SSEL items is 627. A one week training course, with 40 hours of lectures, and a walkdown 
exercise in CNA I was conducted within the scope of Phase 2 with the participation of 23 engineers from 
NA-SA, including staff from the headquarters and the three nuclear power units.   

PHASE 3 SEISMIC RESPONSE AND IN STRUCTURE RESPONSE SPECTRA 
DETERMINATION 

Phase 3 is the dynamic structural analysis of five structures, i.e., those structures that house the 
systems and components of the SSEL; not analyzed and/or not available from the original design phase, 
four decades ago.  The seismic demand on the systems and components of the SSEL due to the RLE are 
defined by the in-structure response spectra (ISRS) at the locations where the SSEL items are supported.  
The ISRS may, also, be used in the implementation of the screening rules.  The five structures are Reactor 
Building, including the Nuclear Steam Supply System (NSSS) (RB); Ultimate Secondary Heat Sink 
Building; Electrical Building; Auxiliary Building; Spent Fuel Pool Building.   
General approach  

The general description of the seismic analyses performed is as follows: 
• The seismic input corresponding to the RLE was defined as described above.  Artificial 

acceleration-time histories were generated for the three spatial components of motion (two 
horizontal and the vertical) of the RLE; these time histories were applied simultaneously in the 
soil-structure interaction (SSI) analyses. 

• The soil profiles were originally evaluated for the SSI analyses of CNA II reactor building to 
provide input to the fracture mechanics evaluation of the CNA II primary system.  For CNA I, the 
soil profiles were re-evaluated using all accumulated soil data for the various facilities on the 
Atucha site and the newly approved RLE.  A slightly revised best estimate low-strain soil profile 
(BE) was generated.  Upper- and lower-bound low strain soil properties were generated assuming 
the low-strain shear moduli were 1.5 and 0.67 times the best-estimate value.  SHAKE analyses 
were performed to generate equivalent linear soil properties (BE, LB, UB) for the RLE level 
excitation.  The end results of this step were three sets of soil profiles (BE, LB, UB) for the RLE. 

• Detailed finite element structure models were developed for the five structures.  All models were 
developed from drawings supplemented by “as is” assessments of the structures.  The CNA I RB 
includes a very approximate representation of the NSSS, based on limited information that was 
available.   

• SSI models and parameters were developed for the Atucha site and the CNA I structure models.  
SSI analyses were performed for each of the three soil profiles. 

• Dynamic response output from the SSI analyses is of two forms – time histories of absolute 
acceleration response, which were used to generate ISRS.  Raw response spectra and peak 
broadened-enveloped response spectra were generated.  Representative responses will be 
presented.   

Observations and Conclusions 
• Changes in soil properties (stiffness and material damping) had a predictable effect on the ISRS.  

In the horizontal directions, generally, the highest amplitude responses are for the UB soil profile, 
which is a result of higher system frequencies due to the stiffer soil and less material damping.  
Higher system frequencies are excited by the higher amplified frequency range of the free-field 
ground motion.  In the vertical direction, overall modes are less pronounced; there are no vertical 
fixed-base modes with significant mass participation.  Hence, vertical behaviour is characterized 
by local modes and some overall response of the structures supported on the soil. 
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• In general, the horizontal responses are low compared to the free-field ground motion.  For the 
RB, low responses are principally due to the deeply embedded structure.  In some cases, local 
amplification is observed, e.g., at the top of the internal structure of the RB, which supports the 
refuelling machine.  

• Vertical responses are generally due to the presence of local modes.  Hence, vertical responses 
vary at each level in a given structure. 
Generally, the seismic responses of the CNA I structures are low.  SSEL equipment and 

components housed in these structures easily pass the seismic demand screening criteria.   

PHASE 4 SEISMIC CAPABILITY WALKDOWN – SCREENING PROCESS 
The detailed seismic capability walkdown was performed in April 2012 during the yearly plant 

outage.  In general, the findings of the 2011 preliminary seismic walkdown were confirmed by the 
extensive evaluation of all 627 items of the SSEL.  An important observation of the walkdown was that 
many easy fixes identified previously in 2011 were implemented during the outage, for example: 
• Top bracing of selected Control Room Panels, Electrical and I&C cabinets – some being braced 

during outage, walkdown evaluated additional requirements;    
• Batteries and battery racks – flexible connections installed and racks replaced. 
A summary of the SSEL walkdown results is shown in the table below:   
 

 
The main observations were as follows: 
− Piping not seismically supported – generally, judged OK based on earthquake experience data 

and EPRI screening guidelines  
− Piping not supported at valve locations - generally, judged OK based on earthquake experience 

data 
− HVAC ducts weak or missing supports – to be evaluated on a sample basis  
− Raised floors well restrained horizontally – lack of vertical uplift restraints to be evaluated  
− Connection of grout pads to floors to be evaluated, e.g., vertical tanks  
− Secondary heat sink building capacity evaluation needed  
− Unreinforced masonry walls in vicinity of SSEL equipment to be evaluated 
Regarding housekeeping issues throughout plant: 
• Unanchored fire extinguishers  
• Improperly restrained gas cylinders  
• Spare 6.6 KV breakers stored behind BA Bus  

Summary of Seismic Capacity Walkdown and Screening – CNA-I 
Items evaluated 627 100% 
Items evaluated as “YES” – seismically verified 434 69% 
Items evaluated as “UNKNOWN” – to be further evaluated  80 13% 
Items evaluated as “NO” – not seismically verified 113 18% 
Total outliers (“NO” + “UNKNOWN”) 193 31% 
Outliers grouped together for dispositioning  65  

 
Categories of Actions for Outlier Resolution Groups Items 

1.  Perform easy fixes – NA-SA Maintenance/Engineering  14 25 
2.  Conduct circuit analysis for relays – NA-SA Electrical/Systems/Engineering  10 23 
3.  Perform easy fixes and circuit analysis for relays – NA-SA  9 54 
4.  Perform evaluation of HCLPF/anchorage – JJJ & Associates  18 53 
5.  Phase 5 evaluation – JJJ & Associates 9 22 
Items pending NA-SA final decision on future use – Original Diesel Generators  5 16 
Total items under evaluation  65 193 
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• Unrestrained bookcases in Control Room  
• Unrestrained cabinets, bookcases, desks in I&C and relay panel rooms  
• Storage areas without barriers  
• Carts on wheels with wheels not locked 

PHASE 5: DETAILED STRUCTURE CAPACITY EVALUATION AND DETAILED 
ANALYSIS 

Detailed structure capacity evaluation for important to safety structures, identified in Phase 2, are 
to be performed in Phase 5.  Two key inputs to this task are the knowledge and experience gained in the 
structure model development and the seismic demand generation due to the RLE, both of which are 
outputs of Phase 3.  The end result is the HCLPF of structures given the performance criteria of Phase 2.   

In addition, detailed analyses and evaluation of the SSCs, which were not screened out in 
previous phases on the basis of their robustness, engineering judgment, or earthquake experience data and 
which will require more sophisticated analytical or testing methodologies for assessing their seismic 
capacity are being assessed.  The end result will be the identification of those items that should be 
upgraded and/or replaced and it will include the conceptual design of upgrades.   

It should also be pointed out that the Argentina regulatory authority required that the confinement 
function shall be verified for a seismic demand larger than the RLE. 
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