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43 de ani in domeniul nuclear:  
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programe noi de centrale nucleare (SMR) 
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1. Activitățile omului în crearea de surse noi de energie în scopuri pașnice au ca 

obiect, de circa 70 de ani, energia nucleară de fisiune.  

2. Reactorii nucleari produși de om până în prezent sunt clasificați în generații, 

după criterii ce țin atât de performanțele economice, cât mai ales de cele de 

securitate nucleară. 

3. Din ambele perspective, cu toate erorile și în ciuda unor accidente majore, 

omenirea și-a îmbunătățit tehnologia aceasta și produce artefacte de mare 

tehnicitate și cu grad crescut de siguranță. 

4. Și totuși, omul nu a fost primul care a construit astfel ce surse de energie pe 

planetă. 

 Acum două miliarde și jumătate de ani, cel puțin un reactor natural, de tip 

asemănător, a funcționat timp de circa două sute de mii de ani. 

 Studierea acestui fenomen și compararea sa cu ceea ce cunoaștem din 

punct de vedere al fizicii teoretice și aplicate, ca și al tehnologiilor de 

fabricație, referitor la proiectarea, construirea, exploatarea și dezafectarea 

unui astfel de reactor a avut și are un impact semnificativ asupra omului 

constructor de centrale de fisiune nucleară, inclusiv generatia IV SMR 
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5. What is energy and why do we need it? WE suggest an answer that everything is ENERGY 
and we are not an exception.This is actually valid for every type of known systems, whicch 
are modelled in the authors’ vision as in Annexes 1 and 2. This is valid for subquantic and 
planet level systems, as well as for the whole cosmos. This is a possible way to describe 
reality, too. 

6. Developing a better understanding of energy systems is important in our time. However, 
such approaches are to be developed in an environment of changes in paradigms of 
physics both from the energy production and use point of view and from the 
epistemological perspectives  

7. Lessons learnt from the natural energy systems (NES) and their specific features   The 
conclusions are based on the evaluation of the risk impact on environment and for the 
improvement of the risk evaluation methodologies of such systems.  
 A specific feature of the NES is the interdependence between them and 

society/mankind and the environment.  
 Risk analyses for such systems have specific features underlined while compared with 

the features of the artificial (man-made) energy systems (MMES).  
 Previous works illustrated in detail the NES versus MMES differences.  
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• Two and a half billion years ago a natural fission reactor operated on the Earth (Oklo). 
The discovery of this natural energy source created a series of theories and had 
implications yet to be evaluated both on the man-made artifacts of similar type and on 
some fundamentals considered so far as improbable to be challenged in quantum physics, 
biology, ecology, nuclear reactor theory. It also has an impact on knowledge management, 
on the epistemology and ethics. Aspects of the implications for mankind and the lessons 
learnt so far on the actions to build a sustainable civilization were evaluated. 
 

• In 1972 the international community involved in the research, design and operation of 
MMES of fission type reactors was surprised and challenged by a discovery of the 
remains of an ancient natural fission reactor, in Oklo (Gabon). It was a NES type reactor 
(NES_Oklo). 
 

• However the discovery was predicted long time before by PK Kuroda .  
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• The reactor in Gabon operated, intermittently, two and a half billion years ago for about 
two hundreds millions year and had an approximate power of 100 kW. It operated with 
uranium ore (using the isotope U235) and water. 

• As the reactor physics classic results show, this would not be possible, provided the 
concentration of U235 (considered as a constant for the whole universe) being presently 
0.71% was not higher (around 3.3%) by the time the reactor started operating.  

• And this is not all. The reactor had to have a concentrated amount of U235 in a place 
forming a geometry and a configuration of cooling (with cooling water) of a very specific 
precise type.  

• Apparently cyanobacteria concentrated the uranium and the water from the underground, 
pushed by the geological moves by that time (Africa and South America were splitting 
apart) created actually the reactor core, as called in the nuclear engineering.  

• Even more than that, the type of soil assured the retention of the radioactive elements 
resulted from fission, which actually did not migrate further than the site. 

• All those aspects were very troubling for the nuclear community. In addition the 
calculations for the MMES reactors were seriously challenged when they were used to 
describe NES_Oklo. 
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• Findings did not stop here, as series of other theories were developed, as for instance: 
 Theories related to how the oxygen formation (taking place exactly by that time) were 

related to the activity of the geyser nuclear reactor splitting water vapors, as water got 
overheated, to the atmosphere. 

 As for the biology the time of NES_Oklo operation is also coincident with the 
appearance of eukaryotes, living beings having cells with nucleus in a membrane, to 
which we also belong. 

 As a top of troubling discoveries, the site evaluations challenged some fundamentals of 
quantum mechanics and relativity, related to the alpha constant and the speed of light. 

 Not to mention the fact that new theories and observations started to assume that, 
may be even the Earth core is a nuclear fission reactor and may be Oklo was not the 
only surface reactor. 

 More than that evidence on existence of fission reactors is found also in our 
neighboring planets (Mars), all taking place at a certain time of evolution of energy 
chains of the universe, of the solar system and of our Earth.  
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• Operation of such NES reactors appears to give serious inputs on how an ecological type of 
such source of energy might be designed by mankind. All those aspects are really of high 
interest and researches are going on. 

• A troubling set of correlations and coincidences illustrate for this particular case how various 
phenomena with their lifecycles, their appearance, and development are connected to each 
other and how Mother Nature gives us lessons on how to manage complicated lifecycles of 
high energies without damaging it. 

• There is a vast literature on Oklo reactor, of which the references are representative in our 
view. The references could be started with the works of PK Kuroda, who predicted the first 
the possibility of the existence of a natural fission reactor on Earth. 
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C.   EVALUATION METHOD 
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• Focus only on the lessons learnt so far. However, there are more than only natural 
sciences implications, but also on the manner we acquire knowledge, on how we 
build models and interact with their reality and how we related to their lifecycles. 
 

• Therefore the presentation will not address the details of the researches on Oklo, 
but rather the lessons learnt to the humanity for such a discovery.  
 

• The approach adopted in the presentation of Oklo lessons in this chapter is also 
based on some author’s researches on the philosophy of science and models 
proposed to consider, model and interact with the energy sources, by describing 
their creation/emergence, their lifecycle and their interaction with mankind and its 
knowledge. 
 

• For this endeavor, a systematic approach was adopted and presented previously  
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• Based on this approach the NES and MMES are evaluated in their interaction and 
development/transformation from one to another in a systematic manner, which is 
based on some assumptions, as follows: 

• Energy sources create systems, which might be considered Complex Systems (CS) 
These systems are composed of elements and connectors between them defined as 
categories, in the mathematical sense. 

• For the ES considered as CS, defined by NES and MMES, because they have a 
behavior of topological nature and for their models, a topological description is 
possible, as they 
 are described by invariants, that preserve their nature after transformations, 
 create complex networks fractal like structures and 
 their emergence/transformation from one phase/state/form/source to another 

takes place step by step. 
• The KP of a given ES for a given NES cannot be predicted in detail, but in its general 

features. The proposed approach considers that the KP generates a topological 
structure (K(i)) based on a set of relationships between the objects modeled and it is 
developed in accordance with a certain Theory (Th(K(i))). The topological structure 
resulting from the KP is in isomorphism with the topological structure describing the 
emergence rules of the NES from one state to another 
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. The method is based on three principles : 

Principle 1: The topological structure K(i) is described by the notion of category considered 

as: 

• reflecting a hierarchical ―matrioshka‖ type of structure 

• being a general description of cybernetic description of objects and models as ―black-

boxes‖ for each level of construction and for each object. 

• being described by objects, morphisms, and identity morphisms 

 

Principle 2: KP is performed in iterations on the categories for each object and each level up 

to the moment of reaching a critical status due to number and type of paradoxes that result at 

each step. 

• The set of invariants (syzygies) is continuously optimized from diverse points of view 

(using tools from different sciences) and based on the existing results on them a final 

set of minimal syzygies for a given model—using a given scientific tool—is reached 

(Hilbert’s syzygy theorem). 

The process of reaching a status for a set of syzygies is therefore predictable and has an 

end. However the end state described by the resultant set of syzygies in that KP phase 

may not correspond to the real object. Therefore, a new iteration using another type of 

methods—analogy from another science that the previous iteration—is used for a new 

iteration. 

The KP with these new tools will lead to another set of syzygies and have a status of 

paradoxes in comparison with the real object that will require a new iteration etc. 

An example of NES group is presented in this paragraph. NES are assumed to consist of 

the following levels of energy sources (NES): 

Subquantic (SQ) 

Quantic (Q) 

Electromagnetic (EM) 

Molecular (MO) 

Molecular and life (MOL) 

Conscious planetary life (CPL) 

Stellar and universe not alive (SUNA) 

Stellar and universe life (SUA) 

Conscious stellar and universe (CSU) 

Principle 3: KP is asymptotically stable and complete. However the resultant final structure 

of this process, which is a CAS, may not be known by its detailed phenomenological 

characteristics, nor predicted, but rather known for its dominant syzygies. 

  

  

The invariants are called syzygies and they are in the format described by formulas 

(1) and (2). 

There are some specific generators (in the sense of syzygy theory) for a K(i) structure built for 

NES: 

Exergy (Ex) of a NES (defined as the maximum useful work possible during a process that 

brings the system into equilibrium with a heat reservoir), as a measure of the efficiency of an 

energy conversion process. This generator has some specific characteristics: 

It is conserved only when all processes of the system and the environment are reversible 

It is destroyed whenever an irreversible process occurs. 

Entropy in a thermodynamic (EnTh) interpretation as a measure of disorder 

Information entropy (EnI) (as a measure of knowledge limits themselves) 

Synergy (Sy) as a measure of a resultant set of features for a NES appearing from the 

existence and interaction of all systems and subsystems, leading to a set of characteristics for 

the whole NES than exist in the sum of its parts 

Emergence (Em) from one level to another (in the example for NES presented from SQ to 

CSU) a process in which larger entities, patterns, and regularities arise through interactions 

among smaller or simpler entities that themselves do not exhibit such properties and evolve to 

new levels. 

Nonlinearity (even for simple systems) and/or complexity (NlnCx) of NES as sources of 

chaotic structure and behavior 

Features of CAS—fractals type of structure (Fr) of NES and K(i) knowledge topological 

structures built for them. 

 

https://www.intechopen.com/online-first/lessons-learnt-from-some-natural-energy-sources
https://www.intechopen.com/online-first/lessons-learnt-from-some-natural-energy-sources
https://www.intechopen.com/online-first/lessons-learnt-from-some-natural-energy-sources
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Principle 2 (cont’d):  
 
• The process of reaching a status for a set of syzygies is therefore predictable and has an 

end. However the end state described by the resultant set of syzygies in that KP phase 
may not correspond to the real object. Therefore, a new iteration using another type of 
methods—analogy from another science that the previous iteration—is used for a new 
iteration 

• The KP with these new tools will lead to another set of syzygies and have a status of 
paradoxes in comparison with the real object that will require a new iteration etc 

• An example of NES group is presented in this paragraph. NES are assumed to consist of 
the following levels of energy sources (NES): 

 Subquantic (SQ) 
 Quantic (Q) 
 Electromagnetic (EM) 
 Molecular (MO) 
 Molecular and life (MOL) 
 Conscious planetary life (CPL) 
 Stellar and universe not alive (SUNA) 
 Stellar and universe life (SUA) 
 Conscious stellar and universe (CSU) 
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Principle 3: KP is asymptotically stable and complete. However the resultant final structure 
of this process, which is a CAS, may not be known by its detailed phenomenological 
characteristics, nor predicted, but rather known for its dominant syzygies. 
 The invariants are called syzygies and they are in the format described by (1) and (2) 
 
 
 
 
 
There are some specific generators (in the sense of syzygy theory) for a K(i) structure built 
for NES: 
• Exergy (Ex) of a NES (defined as the maximum useful work possible during a process that 

brings the system into equilibrium with a heat reservoir), as a measure of the efficiency of 
an energy conversion process. This generator has some specific characteristics: 

• It is conserved only when all processes of the system and the environment are 
reversible 

• It is destroyed whenever an irreversible process occurs. 
• Entropy in a thermodynamic (EnTh) interpretation as a measure of disorder 
• Information entropy (EnI) (as a measure of knowledge limits themselves) 
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Principle 3 (cont’d)  
 
• Synergy (Sy) as a measure of a resultant set of features for a NES appearing from the 

existence and interaction of all systems and subsystems, leading to a set of characteristics 
for the whole NES than exist in the sum of its parts 

• Emergence (Em) from one level to another (in the example for NES presented from SQ to 
CSU) a process in which larger entities, patterns, and regularities arise through 
interactions among smaller or simpler entities that themselves do not exhibit such 
properties and evolve to new levels. 

• Nonlinearity (even for simple systems) and/or complexity (NlnCx) of NES as sources of 
chaotic structure and behavior 

• Features of CAS—fractals type of structure (Fr) of NES and K(i) knowledge topological 
structures built for them. 
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The physical meaning of the dominating syzygies, defining the phase change of ES 
(NES and MMES) is that they are a triadic set of characteristics of the state of the 
ES/syzygies and are: 

Energy (E) 
Mass (m) 
Entropy (ψ) 

These are optimal descriptors of each ES state 
E0, m0, ψ0 –and E1

(k)
*i1

(k)
; m1

(k)
*i1

(k)
 ψ 1

(k)
*i1

(k)
 (Noted for the states 0 and 1) define the 

term called real energy/mass/entropy; examples of energy in such states are the 
energies perceived at Earth level by a human observer (including such as NES_Oklo), 
defining the Real Reality. 
indexes 2 and 3 the simple complex part (for the states 2 and 3); examples of states of 
this type are the paranormal phenomena, energies, information channels perceived by 
a human observer becoming part of the observed object, defining the Intuition Reality 
of the second level Realm (cosmic) and  
the rest of components are the hyper-complex part (for the states 4–8); examples are 
states of paradoxical situations coming from other realities and totally unexplainable 
for a human observer, but managing them by enantiotropy feedback chain (entropy of 
states of the triadic ES) and they are our connection to the Universe Realm and diverse 
realities (Universes) (formula (6)) 
The entropy has the following dominant syzygies for each state, as follows [11]: 

Thermodynamic entropy, for the states 0 and 1 for the real states 
Shannon entropy for the states 2 and 3, for the simple complex states 
Enantiotropy for the states 4–8 

 

https://www.intechopen.com/online-first/lessons-learnt-from-some-natural-energy-sources
https://www.intechopen.com/online-first/lessons-learnt-from-some-natural-energy-sources
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The physical meaning of the dominating syzygies, defining the phase change of ES 
(NES and MMES) is that they are a triadic set of characteristics of the state of the 
ES/syzygies and are: 

Energy (E) 
Mass (m) 
Entropy (ψ) 



Academia Romana -Comitetul Român de Istoria si Filsofia Ştiinţei şi Tehnicii (CRIFST)  

Divizia de Logica Metodologie si Filozofia Stiintei 

Societatea Nationala Nuclearelectrica SA 

Simpozionul  Energia nucleară și societatea   

18 mai 2022 

 

 

Reactoare naturale și reactoare create de om. Asemănări, diferențe, lecții pentru reactorii artificiali de ultima generație 
Inginer fizician, dr.ing. energetica nucleara, Dan Serbanescu 

These are optimal descriptors of each ES states  where: 
• E0, m0, ψ0 –and E1

(k)
*i1

(k)
; m1

(k)
*i1

(k)
 ψ 1

(k)
*i1

(k)
 (Noted for the states 0 and 1) define 

the term called real energy/mass/entropy; examples of energy in such states are 
the energies perceived at Earth level by a human observer (including such as 
NES_Oklo), defining the Real Reality. 

• indexes 2 and 3 the simple complex part (for the states 2 and 3); examples of states 
of this type are the paranormal phenomena, energies, information channels 
perceived by a human observer becoming part of the observed object, defining the 
Intuition Reality of the second level Realm (cosmic) and  

• the rest of components are the hyper-complex part (for the states 4–8); examples 
are states of paradoxical situations coming from other realities and totally 
unexplainable for a human observer, but managing them by enantiotropy feedback 
chain (entropy of states of the triadic ES) and they are our connection to the 
Universe Realm and diverse realities (Universes) – A triadic set of syzygies defined 
the set of Realities 
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• The entropy has the following dominant syzygies for each state: 
 Thermodynamic entropy, for the states 0 and 1 for the real states 
 Shannon entropy for the states 2 and 3, for the simple complex states 
 Enantiotropy for the states 4–8 

 
• ES and their models define topological algebraic spaces, which might be represented 

as polyhedral type, describing their states and illustrating the optimal cases. 
 

• The description of emergence/transformation of one source in another or of passage 
from one phase to another is based on the method presented before 
 

• ES and their models exist in two types of interconnections, with: 
 Other natural phenomena 
 At a given level of civilization 
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ILLUSTRATION OF SOME ASPECTS OF APPLICATION AND INTERPRETATION FOR OKLO 

• NES_Oklo appeared 2.5 billion years ago, while the “Reactor designer” had at its 

disposal: 

 A certain geological configuration 

 A certain status of living beings 

 A certain status of interface with cosmos 

 No existing civilization 

 Environment as we know being under construction 

• However, the interpretation we make of this source is done at a certain level of our 

civilization (in its very early beginnings, judging by the criteria of what kind of energy 

we could harness).  

• We are far away by several centuries before being able to harness the energy of our 

sun, which is quite a primitive phase. On the other side, our KP is based on an 

extremely advanced tool (the interdisciplinary and trans disciplinary one) which may 

push us to advance much faster than we may envisage now.  

• However, the stronger the forces we harness, the higher the risk to get to the finish of 

civilization by self-destruction. 

• We are at a crossroad of the evolution and lessons from NES like Oklo are extremely 

useful, as they show us how to harness better high energy with high risk sources 
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In our present knowledge the KP assumes for the ES cases a set of assumptions generated by 
the paradigms, creating paradoxes, as for instance [6]: 

Paradigm 1-ES as a CS: A modeling system has to be built in order to represent Risk 
Analyses for ES (RES) as a complex system, too. RES is converging to a stable unique real 
state. However the KP results, including those RES are limited by our present knowledge, 
as described by the real Earth level mentioned above. 
Paradigm 2: ES model involves knowledge of the risks associated to a certain source of 
energy. However, usually we actually are not aware of the real risks and we know very 
little about the interconnections of lifecycle dangers for interfering processes (energy 
level, emergence correlated with civilization one or with geological one etc.) 
Paradigm 3: Details of ES and their lessons learnt. We design ES (MMES) for which 
Nature already indicated the optimal solutions. However, due to our reduced technical 
and scientific level at a certain moment we cannot understand the lessons from the 
beginning, but step by step. 
Paradigm 4: Understanding the ES risks (RES) and defining them is a difficult task as we 
design first of a kind MMES and as we are not aware of all the aspects of the lifecycle. 
The MMES are challenged inevitably by serious events, which apparently test the design 
continuously. 
Paradigm 5: ES risk analyses results are seen as inputs to decision making risk calculation 
results are used for decisions. However we are facing decisions under high uncertainties 
and the use of lateral thinking is decisive. 
Paradigm 6: In the ES risk analyses results there are limits and biases specific to the level 
of knowledge of that issue, but also there are “hidden” biases due to the level of KP in 
the whole civilization at that moment. Inter and trans disciplinarity is not just a desired 
option, but a mandatory one to minimize such biases. 
Paradigm 7: RES results evaluation for further iterations in the.KP is an iterative process 
and the Principle 3 mentioned above applies. The result could be a better understanding 
by the use of diverse tools, as for instance the information one can get by “backward 
engineering” from natural examples. 

 

https://www.intechopen.com/online-first/lessons-learnt-from-some-natural-energy-sources
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In this KP for the ES cases there is a set of assumptions generated by the paradigms, creating paradoxes, as for instance : 

Paradigm 1-ES as a CS: A modeling system has to be built in order to represent Risk 

Analyses for ES (RES) as a complex system, too. RES is converging to a stable unique 

real state. However the KP results, including those RES are limited by our present 

knowledge, as described by the real Earth level mentioned above. 

 

Paradigm 2: ES model involves knowledge of the risks associated to a certain source 

of energy. However, usually we actually are not aware of the real risks and we know 

very little about the interconnections of lifecycle dangers for interfering processes 

(energy level, emergence correlated with civilization one or with geological one etc.) 

 

Paradigm 3: Details of ES and their lessons learnt. We design ES (MMES) for which 

Nature already indicated the optimal solutions. However, due to our reduced 

technical and scientific level at a certain moment we cannot understand the lessons 

from the beginning, but step by step. 
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Paradigms(cont’d) 
. 
Paradigm 4: Understanding the ES risks (RES) and defining them is a difficult task as we 
design first of a kind MMES and as we are not aware of all the aspects of the lifecycle. 
The MMES are challenged inevitably by serious events, which apparently test the design 
continuously. 
Paradigm 5: ES risk analyses results are seen as inputs to decision making risk 
calculation results are used for decisions. However we are facing decisions under high 
uncertainties and the use of lateral thinking is decisive. 
 
Paradigm 6: In the ES risk analyses results there are limits and biases specific to the 
level of knowledge of that issue, but also there are “hidden” biases due to the level of 
KP in the whole civilization at that moment. Inter and trans disciplinarity is not just a 
desired option, but a mandatory one to minimize such biases. 
 
Paradigm 7: RES results evaluation for further iterations in the.KP is an iterative process 
and the Principle 3 mentioned above applies. The result could be a better 
understanding by the use of diverse tools, as for instance the information one can get 
by “backward engineering” from natural examples. 

 



Academia Romana -Comitetul Român de Istoria si Filsofia Ştiinţei şi Tehnicii (CRIFST)  

Divizia de Logica Metodologie si Filozofia Stiintei 

Societatea Nationala Nuclearelectrica SA 

Simpozionul  Energia nucleară și societatea   

18 mai 2022 

 

 

Reactoare naturale și reactoare create de om. Asemănări, diferențe, lecții pentru reactorii artificiali de ultima generație 
Inginer fizician, dr.ing. energetica nucleara, Dan Serbanescu 

 

D.   LESSONS LEARNT 
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NES_Oklo sends to us messages. By diverse evaluations one could mention so far messages as the following: 

 

 

• The issue of the meaning of risk analyses for ES is very important, as the lessons learnt from 

NES_Oklo show. NES_Oklo was a combined non-live living organisms operation to 

produce energy.  

 

 This is a high important topic for the future MMES to be designed by assuming the 

use of Artificial Intelligence, may be also natural and living organisms, etc.  

 

 The evolution of our civilization and/or possible future interactions at cosmic level 

require a clear strategy on how to proceed if combined (natural, artificial, living 

non-living, etc.) energy sources production is to be evaluated and designed.  

 

• NES_Oklo teaches us on the absolute importance of intrinsic safety (the reactor 

operated, got decommissioned without being of any harm to its environment, but on the 

contrary, being part of the evolution “plan”). 
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NES_Oklo has the following features of importance for future evolutive MMES to be designed, built 

and operated by the mankind: 

a. The limits of NES_Oklo were very well defined for all its lifecycle phases 

 

 During operation 

1. Geometry stability of the core assured by the rocks configuration (the concrete 

part of any MMES) 

2. Climate was stable in the parameters of the period  

3. Interface with living organism was designed to be not only harmless, but also 

useful for both sides (cyanobacteria were prosperous for several millions of 

years). 

  

During decommissioning 

 

1. There was no migration beyond the site of the heavy radioactive solid waste. 

2. The aerosols were actually part of the plan to rebuild the Earth atmosphere and 

generate new living beings—eukaryotes. 

3. Apparently the design assumed how to better decommission it at the end of the 

lifecycle. Thinking of decommissioning from the research phase is a 

mandatory requirement for a well-designed MMES. 
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b. There is a fractal like design of the whole NES_Oklo reactor, as for instance the manner the 

following reactor functions were assured, as reflection at lower levels of the same 

principles: 

 

i. Fuel load (uranium 235) to the reactor core, assured by cyanobacteria, as an 

intrinsic self-regulated process, in mirror with the operation of the whole 

reactor. 

ii. Diffusion of small distances in the specific rock of the site (several meters for 

more than 2 billion years). 

iii. Radioactive radiosols were part of the creation of new living organisms; 

therefore the containment was the whole atmosphere, without damaging it, 

but helping it. 

iv. There was an intrinsic safety assured by delayed neutrons, preventing 

transformation of the reactor into a bomb  

 

c.  The validity of reactor physics codes used for MMES was highly challenged. 

 Although it seems so far that they could reproduce the reactor core design, there are 

 yet issues to be clarified. 
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d. NES_Oklo has a direct impact on the life cycle preparation of existing and 

 future MMES, as follows: 

i. Review the type of best plant control—centralized versus decentralized 

 

ii. Review of the safety analyses models for all the lifecycles and especially for 

decommissioning 

 

iii. Review existing researches on the future man machine interface for new reactors, 

role of artificial intelligence and the role of KP and generations to operate the 

plants 

 

iv. Set the goal of maximum simplification of MMES, counting to the highest extent 

possible on passive features and intrinsic safety protection. 

 

v. Review the manner various phenomena are modeled for the reactor in coupled 

computer codes and either use higher computing capacities or simplify them 

 

vi. Design MMES as part of regional/global energy sources systems, integrated in the 

environment, based on ecological principles. 
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e.  Several aspects from fundamental quantum mechanics and theory of relativity  are yet 

 to be reviewed, as the NES_Oklo measurements are challenging some of them 

 

i. How constant is the alpha constant and the role of the amazing number 137 in the 

architecture of the universe 

ii. It appears that some constants are not so constant (for instance speed of  light). If so the 

impact is very high on many aspects already considered  confirmed and taboo to be 

challenged. An epistemic revolution is to be generated in Physics on the way to change the 

existing paradigms. 

iii. There is an amazing set of coincidences to have a reactor core designed (geological, 

biological, cosmic, etc.). If the rare coincidence might be more or less accepted, the 

troubling finding that the NES_Oklo is not the only one of this type leads to the debate 

about anaphatic and kataphatic approaches to the understanding of the Designer of the 

world. 

iv. The NES_Oklo operated from the design to decommissioning phase as a cybernetic 

machine understandable with high level cybernetics considering all the three levels from 

formulas (3)–(6)—real, simple complex and hyper-complex. The hypercybernetics, 

governed by the feedback control via the enantiotropy (entropy of the optimal ES states) is 

a very possible answer to previous questions. High level cybernetics—the  cybernetics of 

CS states is indicated as describing such systems. 
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f. NES_Oklo raises a series of philosophical debates, too:  

 

i  The evolution of life on Earth, the meaning of life and the role of  andomness (if 

 any) in its emergence and evolution. 

 

ii.  The future of our civilization and how to use better the lessons so that to 

 avoid destroying ourselves by the time we harness more and more powerful energy 

 sources. 

 

iii.  Why and how was it possible at a certain moment in time to have NES_Oklo?  How 

 to explain strange coincidences of NES_Oklo with eukaryotes, Earth terraforming 

 and conditions for us to appear in the  evolution (or what?) chain. 

 

iv.  How to understand/manage messages for which we do not have yet the 

 capability to understand, as they are from the category of hyper complex 

 reality? 
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E.   CONCLUSIONS 
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• We need approaches to understand the NES and MMES and our place in the cosmos from this 

perspective is based on an integrated view on the behavior itself and their models for the 

complex energy systems. Complex Energy Systems (CES) are considered to be topological 

systems as well as the models describing them. 

 

• Acrtually Oklo and us are part of a bigger picture. 

 

• CES are from one side complex systems, called Complex Apoietic Topological Systems 

(CATS) complying with the requirements defined in previous works for them and form the 

other side they are topological systems and so are the models describing them. 

 

• An energy system exists in a space state, defined by a core of unchanged features (called 

syzygies) described in a hyper complex apace. Energy systems interact at the same level (for a 

given type of energy – lateral interface) between them and with other systems challenging 

them. They are also impacted from the other systems assumed in a continuous tight 

interconnection (―up” and “down” interface) by the intermede of impoact functions, defined as 

transfer functions in a hypercomplex space. 

 

• The interactions between the energy systems define a special type of cybernetic interaction in a 

hyper complex space, called hyper cybernetics. The usual cybernetics and both its second and 

third level, defined so far, become particular cases of a hybercybernetic behavior and their 

models of a special type of topological complex systems, the energy systems of a given universe. 

Hyper cybernetics reflects the potential impact as a feedback and feed before of other universes. 
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F.   ANNEXES 
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Kardashev / Sagan scale civilization levels 

T

yp

e 

Tera

watts 

Level of used 

energy 
Comments 

I 

4×10
4 - 

4x105 

Solar 

insolation to 

earth 

Existing Earth 

level cca 4×103           

possible to 

reach type I in 

100-200 years 

II 
4×10

17 

Energy 

radiated by 

its own star  

Few thousands 

years 

II

I 

4×10
28 

Energy on 

the scale of 

its 

own galaxy 

One million 

years 
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O posibila teorie a sistemelor 

energetice  cu concluzii posibile 

 

• Tintim spre spre sisteme 

energetice robuste la provocari, 

construite fractalic la toate 

nivelurile 

 

• Se aplica si la cele despre care 

intentionam sa discutam… 
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Singularități UPSCAT posibile evoluții 
  
 Problema este că gestionarea provocărilor poate duce la singularitate 
reală, fără adaptare și deci la dispariția UPSCAT. Cu cât evoluăm mai mult, cu atât ne 
va fi mai greu să nu ne autodistrugem, dacă nu ne modificăm fundamental. 
 UPSCAT (OM) are patru categorii de posibile singularități Combinate cu 
impact de pe alte tărâmuri (galactic, cosmic, multiunivers) 
 
I Biologice  
II Biologice și (Ecologice și/sau din cauze AI) 
III Ecologice și/sau AI 
 
Impact exclusiv de pe alte tărâmuri (galactic, cosmic, multiunivers) 
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Scenarii orientate spre asigurarea 

securitatii energetice-  

REZILIENTA / ROBUSTETEA  

 
Exprimata de exemplu prin capacitatea de a 

supravietui in regim apropiat de normal dupa 

orice fel de provocari 

 

sistemelor nationale, regionale 



Academia Romana -Comitetul Român de Istoria si Filsofia Ştiinţei şi Tehnicii (CRIFST)  

Divizia de Logica Metodologie si Filozofia Stiintei 

Societatea Nationala Nuclearelectrica SA 

Simpozionul  Energia nucleară și societatea   

18 mai 2022 

 

 

Reactoare naturale și reactoare create de om. Asemănări, diferențe, lecții pentru reactorii artificiali de ultima generație 
Inginer fizician, dr.ing. energetica nucleara, Dan Serbanescu 

Conditii initiale 

Provocari/perturbari 

Modelul surselor si retelelor 
Interfete interne 
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PRINCIPALELE PROVOCARI  

ALE FIZICII SI ENERGETICII 

NUCLEARE ACTUALE 
MONDIALE SI NATIONALE 
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1. Rezilienta/ Robustetea sistemelor energetice nationale 

si utilizarile locale ale diverselor forme de energie 

2. Sistemele energetice necesita sa fie gandite fractalic, 

autoreglabile/apoietice pe tot ciclul de viata si 

cuprinzand materiile prime-exploatare- dezafectare etc,  

impreuna cu consumatorii 

3. Oikonomia ar trebui sa fie un principiu fractalic si 

autoreglabil  

4. Ciclul de viata sa cuprinda cercetarea, testarea si 

functionarea  ceea ce in energetica neceesita timpi 

indelungati 

5. Adaptarea la utilizari diverse, dinamice ale energiei sub 

diverse forme, in diverse locatii, solutii de stocare 
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6. Prezenta indepartare de modelele din natura/cosmos – 

de ex Oklo sau fuziunea nucleara si necunoscutul 

descoperirilor/dezamagirilor ar trebui considerate 

7. Dilemele si problemele surselor de energie, de exemplu 

cele ale reactorilor de fisiune - Sursele de energie vazute ca 

parte a unui ciclu si nu doar sursa. Energetica nucleara de fisiune 

necesita de exemplu raspuns la cum arata ciclul de combustibil si 

integrarea acestei surse in diverse locatii 

8. Presiunea gasirii de solutii pentru supravietuire- la 

scara de comunitati, dar si planetara - pericolul 

atingerii momentului singularitatii omenirii ca sistem 

de energie biologica constienta planetara (biologic, IA, 

socio-politic, cosmic) 

 



Academia Romana 

Comitetul Român de Istoria si Filsofia Ştiinţei şi Tehnicii (CRIFST)- Filiala Arges 

Simpozion ianuarie 2022 prezentare virtuala 

 

Noutăti nucleare Reactoare nucleare modulare mici - Utilizarea lor în România, Dan Serbanescu, Inginer Fizician, Dr.ing energetica nucleara, S 

ecretar interimar  Divizia de Logică, Metodologie şi Filosofia Ştiinţei (DLMFS) din cadrul CRIFST 

9. Raspunsuri la accidentele majore si o orientare mai buna in 

definirea paradigmelor in domeniu 

10. Promovarea de tehnologii noi aliniate la rezultate recente 

din fizica teoretica si aplicata: 
i. Utilizarea de noi tehnologii – nanotehnologii, 

Proiectare/operare cu utilizarea spatiului virtual, 

considerarea evolutiei generatiilor umane, robotizare/IA 

inclusiv calculatoare cuantice etc. 

ii. Rezultate noi in cercetarea de materiale si filiere cunoscute, 

dar prentru care tehnologiile nu permiteau pana acum 

utilizarea lor comerciala 

iii. Noi rezultate din abordari / recalculari / remodelari din fizica 

teorica asupra fenomenelor de baza ale fisiunii (sectiuni 

eficace, zona activa recalculate etc) 

11. Implementarea lectiilor marilor accidente 
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12. Raspunsuri la probelemele specifice nationale 

i. de stabilitate, rezilienta SEN generate de masurile de 

atingere a tintelor de protectie climatica, ce necesita oprirea 

a cca 2000 MW de centrale termice pe carbune 

ii. Asigurare a functionarii in regim de reglaj de frecventa in 

SEN 

iii. Proiectarea functionarii SMR pe platforme energetice 

complexe, inclusiv cu regenerabile, pentru a intruni 

avantajele diverselor surse. 

iv. Utilizarea la maxim de resurse – inclusiv umane si instalatii 

disponibilizate prin oprirea centralelor pe carbune 

v. Sprijinirea industriei si cercetarii nationale nucleare 

vi. Integrarea in procesul de reinnoire tehnologica in domeniu - 

Industry 4.0 
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Locul fizicii si energeticii nucleare in Romania intr-un secol si jumatate (2)  
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4. Intarirea sectorului nuclear si cresterea contributiei sale 

 

i. Consolidarea functionarii pe termen lung a centralelor in 

functione care functioneaza in regim de baza de sarcina in 

SEN 

a. Retehnologizarea U1 

b. Punerea in functiune de noi centrale de mare putere 

(U3/4) 

ii. Considerarea energetiicii nucleare pentru a participa la 

reglarea in SEN prin utilizarea de centrale de puteri mai 

mici ce asigura acest lucru sub forma reactorilor de fisiune 

, de tip SMR, etapizat 

a. SMR cu apa 

b. SMR de generatie IV 
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CHICAGO PILE 1942-1943                           OKLO GABON CCA 2 BLN YEARS AGO  
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ANNEX 5  

 

INVATAMINTELE DEZVOLTARII 

STIINTIFICE SI TEHNOLOGICE 

NUCLEARE  
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EN si etapele sale de pana acum 
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Nuclear engineering is a technology 
so technology features apply to it, 
too. 

Tehnologiile si viitorul lor 



Academia Romana -Comitetul Român de Istoria si Filsofia Ştiinţei şi Tehnicii (CRIFST)  

Divizia de Logica Metodologie si Filozofia Stiintei 

Societatea Nationala Nuclearelectrica SA 

Simpozionul  Energia nucleară și societatea   

18 mai 2022 

 

 

Reactoare naturale și reactoare create de om. Asemănări, diferențe, lecții pentru reactorii artificiali de ultima generație 
Inginer fizician, dr.ing. energetica nucleara, Dan Serbanescu 

SMR  pot indeplini functii complementare 
 

• Centralelor de mare putere in furnizarea de energie in regim de 

reglaj de frecventa in SEN 

• Pentru asigurarea de energie termica 

• Pentru alte aplicatii (de exemplu fabricarea de hidrogen) 

• Pentru functionarea in tandem pe platforme energetice cu surse 

regenerabile si sisteme de stocare a energiei 

• Pot asigura (in variantele cu alti agenti de racire decat apa, ca 

centrale de generatie IV, cicluri de combustibil mai bine 

integrate, si micsorarea foarte semnificativa a deseurilor inalt 

radioactive 
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SMR  pot da solutii la actualele probleme energetice in general si 

ale celei nucleare mai ales cele nationale in particular, si anume: 
1. Asigura introducerea gradata de innoiri in domeniul nuclear. Plecand de la elemente 

de proiect si fabricatie/exploatare recunoscute si verificate, SMR cu apa introduc 

elemente suplimentare de protectie pasiva la accidente foarte severe si asigura o 

siguranta crescuta centralelor. Rezista mult mai bine, practic nu sunt afectate de 

accidente foarte severe si de hazarduri externe (cutremure, caderi de avioane etc) 

2. Prin aspectul modular si constructia fiecarui modul pot asigura o participare flexibile 

la furnizarea de energeie electrica in SEN si de asemenea asigura aplicatii de mar 

interes ca furnizarea de energie termica, fabricatia hidrogenului 

3. Asigura un volum mult redus de deseuri radioactive, mai ales cele inalt radioactive 

4. Sunt mult mai usor de construit, fazele importante avand loc in uzinele de fabricatie, 

au posibilitatea standardizarii si utilizeaza tehnologii deja omologate. 

5. Planul de urgenta este mult mai simplu si centrala are un nivel de risk foarte redus  

6. Are o durata si un cost de instalare si PIF mult reduse fata de cele de putere mare.  

7. Pot utiliza amplasamente dezafectate de obiective industriale si/sau centrale termice 

dezafectate. 

8. Pot face parte din platforme flexibile de energie cu surse regenerabile. 
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The three 

realms 

The n sphere of cosmic realm 

Asymptotic 
integration 
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  ANNEX 6 
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ASPECTE SPECIFICE DE 
PROVOCARI IN FIZICA 

NUCLEARA SI MATEMATICA 
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Despre fisiune (1) 
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CHALLENGES IN PHYSICS (2) 
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Very-High-Temperature Reactor 
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Simpozionul Corectitudine si fals intellectual: cercetarea stiintifica intre rigoare si nevoia de cunoastere  

O perspectivă din interiorul fizicii și  energeticii nuleare asupra istoriei acestora, dar mai ales asupra dilemelor lor actuale   Dr.ing.Dan Serbanescu 22 Septembrie 2016  

Unele detalii NP in 
prezentari publice ale 

NUSCALE 
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Main NUSCALE design features 

• Uses proven LWR components in a simpler and more 

innovative manner 

• It complements the experience of proven solutions with 

more tests and models using advanced methods 

• It assures a good down scaling of existing high power NPP 

solutions, without negative impact on initial advantages of 

those solutions,  

• Provides resilience on Fukushima dominating accident 

features related to the protection against prolonged SBO,  

without additional water,  power, or operator action 

Source: NRC White Paper, D. Dube; basis for discussion at 2/18/09 public  meeting on implementation of risk matrices for new nuclear reactors 
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• Factory built nuclear steam supply system: 

• Primary system and containment is prefabricated and 

shipped by rail, truck or barge 

• Integral design with natural circulation cooling: 

• Eliminates major accident scenarios 

• Eliminates many pumps, pipes, valves 

• Immersed in large ultimate heat sink 

• Simplifies and enhances safety case 

• Built on proven technology 

• Innovation is in the design and engineering 

• Constructed below grade 

• Enhances security and safet 

Source:  Overview of NuScale Design, Chris Colbert -Chief Operating Officer - Technical Meeting on Technology Assessment of SMRs for Near-Term Deployment 

Chengdu, China -- September 2-4, 2013, Nonproprietary 
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Rev. X 8 NP-PM-MMYY-XXXX-NP 

TM 

Nonproprietary 

© 2013 NuScale Power, LLC 

Integrated Helical Coil SG 

Steam Generator is fully integrated  

within the reactor pressure vessel (RPV) 

• Contained in annulus between the  

upper riser and the RPV shell 

• Feed flow enters the feed plenums,  

flows upward through the inside of the  

tubes and is discharged via the steam  

headers 

• Reactor coolant flows upward through  

the upper riser, is turned by the  

pressurizer baffle plate, and flows  

down through the helical bundle 

RPV 

Steam  

Outlet 

Feed  

Inlet 

Upper  

Riser 

RCS Inlet 

 Source:  Overview of NuScale Design, Chris Colbert -Chief Operating Officer - Technical Meeting on Technology Assessment of SMRs for Near-Term Deployment 

Chengdu, China -- September 2-4, 2013, Nonproprietary 
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New Containment Paradigm - Compact, High-Pressure  

 

• Equilibrium pressure between reactor and containment  following any 

LOCA is always below containment design  pressure 

• Insulating Vacuum 

• Significantly reduces convection heat transfer during normal  operation 

• No insulation on reactor vessel -- eliminates sump screen 

• blockage issue (GSI-191) 

• Improves steam condensation by eliminating air 

• Prevents combustible hydrogen mixture in the unlikely event of  a 

severe accident (i.e., little or no oxygen) 

• Eliminates corrosion and humidity problems inside containment 

• Immersion in reactor pool provides assured access to  ultimate heat 
sink for long-term cooling 

Source:  Overview of NuScale Design, Chris Colbert -Chief Operating Officer - Technical Meeting on Technology Assessment of SMRs for Near-Term Deployment 

Chengdu, China -- September 2-4, 2013, Nonproprietary 
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Independent 
Turbine/Generators 

•  Skid mounted 

• Controlled fabrication 

• Easily transported to site 

• Fast onsite installation 

• Off-the-shelf models  

currently available 

• Air-cooled generator 

• Adaptable to water or  air-

cooled condenser 

Source:  Overview of NuScale Design, Chris Colbert -Chief Operating Officer - Technical Meeting on Technology Assessment of SMRs for Near-Term Deployment 

Chengdu, China -- September 2-4, 2013, Nonproprietary 
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Power Module Parameters 

TM 

Reactor Core 

 Thermal Power Rating 160 MWt 

 Operating Pressure 8.72 MPa (1850 psia) 

 Fuel UO2 (< 4.95% enrichment) 

 Refueling Intervals 24-48 months 

 Dimensions 19.2 meters x 2.8 meters (Height x Diameter) 

 Weight 264 tonnes 

Containment 

 Dimensions 25.0 meters x 4.6 meters (Height x Diameter) 

 Weight 303 tonnes 

Power Generation Unit 

 Number of Reactors One 

 Electrical Output > 47.5 MWe (gross) 

 Steam Generator Number Two independent tube bundles 

 Steam Generator Type Vertical helical tube 

 Steam Cycle Superheated 

 Turbine Throttle Conditions 3.1 MPa (450 psia) 

 Steam Flow 71.3 kg/s (565,723 lb/hr) 

 Feedwater Temperature 149º C (300º F) 

Source:  Overview of NuScale Design, Chris Colbert -Chief Operating Officer - Technical Meeting on Technology Assessment of SMRs for Near-Term Deployment 

Chengdu, China -- September 2-4, 2013, Nonproprietary 



Academia Romana 

Comitetul Român de Istoria si Filsofia Ştiinţei şi Tehnicii (CRIFST)- Filiala Arges 

Simpozion ianuarie 2022 prezentare virtuala 

 

Noutăti nucleare Reactoare nucleare modulare mici - Utilizarea lor în România, Dan Serbanescu, Inginer Fizician, Dr.ing energetica nucleara, S 

ecretar interimar  Divizia de Logică, Metodologie şi Filosofia Ştiinţei (DLMFS) din cadrul CRIFST 

Source:  Overview of NuScale Design, Chris Colbert -Chief Operating Officer - Technical Meeting on Technology Assessment of SMRs for Near-Term Deployment 

Chengdu, China -- September 2-4, 2013, Nonproprietary 
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Reactor Building 

Video 3 

Source:  Overview of NuScale Design, Chris Colbert -Chief Operating Officer - Technical Meeting on Technology Assessment of SMRs for Near-Term Deployment 

Chengdu, China -- September 2-4, 2013, Nonproprietary 
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Robust Reactor Building Design 

• Robust Seismic Spectrum Bounds most of USA sites (0.5 g ZPA) 

• Structure composed almost entirely out of concrete, with well arranged  

shear walls and diaphragms which provides for high rigidity. 

• Significant portion of the structure located below grade. 

• Meets aircraft Impact criteria 

Source:  Overview of NuScale Design, Chris Colbert -Chief Operating Officer - Technical Meeting on Technology Assessment of SMRs for Near-Term Deployment 

Chengdu, China -- September 2-4, 2013, Nonproprietary 



Academia Romana 

Comitetul Român de Istoria si Filsofia Ştiinţei şi Tehnicii (CRIFST)- Filiala Arges 

Simpozion ianuarie 2022 prezentare virtuala 

 

Noutăti nucleare Reactoare nucleare modulare mici - Utilizarea lor în România, Dan Serbanescu, Inginer Fizician, Dr.ing energetica nucleara, S 

ecretar interimar  Divizia de Logică, Metodologie şi Filosofia Ştiinţei (DLMFS) din cadrul CRIFST 

Basic Plant Parameters 

Site Plot Plan 

 Protected Area 42 acres 

 Construction Area (includes protected area) 520 acres 

Water Consumption During Operations 

 Cooling Water Consumption 36 m3/minute 

 Potable Water Consumption 34 m3/day 

Construction Workforce 

 Craft Labor (peak) 600 

 Staff (peak) 
(supervisory, field engineers, QA, management, etc) 400 

Source:  Overview of NuScale Design, Chris Colbert -Chief Operating Officer - Technical Meeting on Technology Assessment of SMRs for Near-Term Deployment 

Chengdu, China -- September 2-4, 2013, Nonproprietary 
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Passively Safe Reactor Modules 

Natural Convection for Cooling 

• Inherently safe, gravity-driven natural  

circulation of water over the fuel 

• No pumps, no need for emergency generators 

Seismically Robust 

• Containment is submerged in a pool of  water 

below ground in an robust building 

• Reactor pool attenuates ground motion and 

dissipates energy 

Simple and Small 

• Reactor is 1/20th the size of large reactors 

• Integrated reactor design, no large-break  

loss-of-coolant accidents 

Defense-in-Depth 

• Multiple additional barriers to protect  against 

the release of radiation to the  environment 

Reactor Module 

High-strength stainless  

steel containment 10  

times pressure capability  

than typical PWR 

Water volume to thermal  

power ratio is 4 times  

larger resulting in better  

cooling 

Reactor core has only  5% 

of the fuel of a large  

reactor 

Pressurizer volume to  

thermal power ratio is 5  

times larger resulting in  

better pressure control 

Source:  Overview of NuScale Design, Chris Colbert -Chief Operating Officer - Technical Meeting on Technology Assessment of SMRs for Near-Term Deployment 

Chengdu, China -- September 2-4, 2013, Nonproprietary 
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Decay Heat Removal System 

• Two passive, independent single-failure-  
proof trains 

• Closed loop system 

• Two-phase natural circulation operation 

• DHRS heat exchangers mounted  
directly on exterior of containment  
vessel--nominally full of water 

• Supplies the coolant inventory 

• Natural circulation of primary coolant is  
maintained 

• Pool provides a 3 day cooling supply for  
decay heat removal 

DHR 

   Actuation 

Valve 

    DHR Heat 

Exchanger 

FWIV 

MSIVs 

FWIV 

Source:  Overview of NuScale Design, Chris Colbert -Chief Operating Officer - Technical Meeting on Technology Assessment of SMRs for Near-Term Deployment 

Chengdu, China -- September 2-4, 2013, Nonproprietary 
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Emergency Core Cooling System 

• Steam condensation 

• Convective heat transfer 

• Heat conduction 

• Sump recirculation 

• Reactor vessel steam is vented through  the 

Reactor Vent Valves (flow limiter) 

• Steam condenses on containment 

• Condensate collects in lower containment 

• Reactor Recirculation Valves open to provide 

recirculation path through the core 

• Provides >30 day cooling followed by 

unlimited period of air cooling. 

 

 Provides a means of removing core decay  heat and limits containment pressure by: 

Reactor Building 

Pool 

Containment 

Reactor Vent 

Valve 

Reactor  

Recirculation  

Valve 

Reactor Vent  

Valve 

Reactor  

Recirculation  

Valve 

Source:  Overview of NuScale Design, Chris Colbert -Chief Operating Officer - Technical Meeting on Technology Assessment of SMRs for Near-Term Deployment 

Chengdu, China -- September 2-4, 2013, Nonproprietary 
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WATER COOLING BOILING AIR COOLING 

Ensuring Long-term Cool-down 

Unlimited cooling of nuclear fuel without AC or DC power* 

Alternate 1E power system design eliminates the need for 1E qualified batteries to perform  ESFAS protective functions 

Source:  Overview of NuScale Design, Chris Colbert -Chief Operating Officer - Technical Meeting on Technology Assessment of SMRs for Near-Term Deployment 

Chengdu, China -- September 2-4, 2013, Nonproprietary 
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Spent Fuel Pool Safety 

Increased Cooling Capacity 

•More water volume for cooling per fuel assembly than  
current designs 

•Redundant, cross-connected reactor and refueling pool  
heat exchangers provide full back-up cooling to spent  fuel 
pool. 

External Coolant Supply Connections 

•Auxiliary external water supply connections are easily  
accessible to plant personnel and away from potential  
high radiation zones. 

Below Ground, Robust Deep-Earth Structure 

•Below ground spent fuel pool is housed in a 
seismically robust reactor building. 

•Stainless steel refueling pool liners are independent  from 
concrete structure to retain integrity. 

•Pool wall located underground is shielded from tsunami 
wave impact and damage. 

•Construction of structure below ground in engineered  soil 
limits the potential for any leakage. 

Source:  Overview of NuScale Design, Chris Colbert -Chief Operating Officer - Technical Meeting on Technology Assessment of SMRs for Near-Term Deployment 

Chengdu, China -- September 2-4, 2013, Nonproprietary 
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Response to Classic Accident Initiators 

Design Basis Accident NuScale Response 

Steam system pipe break Reduced consequences from lower 

energy  release due to low steam generator  

inventory 

Feedwater system pipe break No change 

Reactor coolant pump shaft failure Eliminated with use of natural circulation of  

primary coolant 

Control rod ejection accident No change 

Steam generator tube rupture Reduced likelihood because tubes are in  

compression (shell-side primary flow) 

Large break loss-of-coolant accident Eliminated by use of integral design 

Small break loss-of-coolant accident Reduced consequences due to no heatup 

of fuel (already in natural circulation) 

Design basis fuel handling accident Reduced consequences due to smaller  

source term in half-height assemblies 

Source:  Overview of NuScale Design, Chris Colbert -Chief Operating Officer - Technical Meeting on Technology Assessment of SMRs for Near-Term Deployment 

Chengdu, China -- September 2-4, 2013, Nonproprietary 
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Probabilistic Risk Assessment Summary 

• State-of-the-art process to evaluate all potential failures for a module 

• Risk = frequency of event x consequences 

• Used early in design process 

• Very low risk profile from internal events 

• Full Power Internal Events CDF = 2.9x10-9 module/yr = Probability of core 

damage due to NuScale reactor equipment failures is 1 in 345,000,000 years. 

• Operating nuclear reactors in the U.S. have a CDF of ~1x10-5  reactor/yr 

• Likelihood of an accident in NuScale reactor is >3,000 times lower compared to 

currently operating reactors in the US for a module 

Source:  Overview of NuScale Design, Chris Colbert -Chief Operating Officer - Technical Meeting on Technology Assessment of SMRs for Near-Term Deployment 

Chengdu, China -- September 2-4, 2013, Nonproprietary 
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 Case A -  Procopiu magneton and Proca equations  

  and pi meson  

 Case B-  Purica – research methods in nuclear  

  experimental physics  

 Case C -  Hulubei – researches in nuclear physics  

  and creation of an institute and a “school” 

  of thought  

 Case D -  Romanian nuclear program  

 Case E-  An example of an individual experience of 

  training and working in diverse cultural  

  environments in nuclear energy  
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