MODELE SI METODE AVANSATE IN STUDIUL MIGRATIEI NUCLIZILOR IN MEDIU, VULNERABILITATII ECOSISTEMELOR SI INFRASTRUCTURILOR CRITICE, SI IMPACTULUI ECO-SANITAR AL ACTIVITATILOR NUCLEARE SI INDUSTRIALE - MAMIN

Rezumat

Proiectul Modele si metode avansate in studiul migratiei nuclizilor in mediu, vulnerabilitatii ecosistemelor si infrastructurilor critice, si impactului eco-sanitar al activitatilor nucleare si industriale a initiat si a dezvoltat modele fizico-matematice, noi metode, baze de cunostinte si date, precum si medii integrate de calcul (software) de tip sistem-suport de decizie (decision support systems - DSS) destinate intelegerii fenomenologiei si documentarii cantitative a riscului si vulnerabilitatii infrastructurilor critice si ecosistemelor, cu accent special pe studiul migratiei radionuclizilor si altor poluanti, ca metalele grele, in mediul inconjurator, lantul alimentar si organisme, in vederea unui control stiintific fundamentat, conform legislatiei si standardelor domestice si internationale, al impactului asupra mediului si sanatatii al activitatilor nucleare si industriale. Acest cadru programatic a asigurat coerenta unui tablou tematic variat, la care si-au adus contributia echipe de profil divers, din cercetare si invatamantul universitar, din Bucuresti si Baia Mare.
Rezultatele obtinute in fiecare faza s-au materializat in seturi de cunostinte, reguli, proceduri, metode experimentale de calificare cantitativa, mijloace informatice de sprijin al deciziei si de interventie corectiva ('toolkits'), cu directa aplicabilitate, a caror validitate si valoare de intrebuintare au fost confirmate in cadru academic – prin publicatii si comunicari publice profesionale, si au fost verificate in aplicatii interne si internationale de profil, relevante. Astfel,
In domeniul sistemelor suport de decizie pentru evaluarea multi-criteriala si asistarea interventiei in urgentele nucleare s-au elaborat si verificat in practica principalele solutii teoretice si tehnologice ce asigura indigenizarea si implementarea sistemelor europene de referinta RODOS (Real-Time, Online Decision Support System for the Management of Nuclear Emergencies in Europe) si MOIRA, destinate diagnozei si predictiei miscarii radionuclizilor in mediu in conditii de accident sau alta urgenta nucleara, incluzand  biblioteci de date proprii spatiului national, precum si module de calcul si interfete-utilizator dedicate, in vederea integrarii lor in masinile de evaluare si bazele de date europene. Platforma de asistare a deciziei in urgente nucleare rezidenta la coordonatorul proiectului – IFIN-HH serveste in prezent, in mod curent, indeplinirii uneia din misiunile oficiale ale institutiei – de a asigura sprijin de specialitate Inspectoratului General pentru Situatii de Urgenta, precum si, dupa caz, altor institutii ale Statului roman.
In domeniul modelarii, simularii si vizualizarii analitice pentru cuantificarea riscului si vulnerabilitatii in sisteme complexe si infrastructuri critice, au fost initiate si dezvoltate  modele fizico-matematice inovative bazate pe analogii si paradigme ale Fizicii, precum si pe tehnici sociometrice, utilizindu-se analiza de stabilitate in sisteme dinamice, teoria portretelor de faza si a haosului, statistica seriilor de timp, elemente de teoria grafurilor si aplicatii ale automatelor celulare in analiza cantitativa a vulnerabilitatii sistemelor complexe, incluzind infrastructuri critice, ciclul combustibilului nuclear, ecosisteme, transportul substantelor periculoase, tehnologia informatiei (IT), si modelarea transportului atmosferic al poluantilor in teren urban sau topografii complicate – confirmate printr-o contributie substantiala in literatura de specialitate, incluzand doua monografii Springer si cooptarea in coordonarea editoriala (Editorial Bord) a doua publicatii internationale de profil.
In domeniul modelarii radio-ecologice in sprijinul securitatii nucleare, s-au elaborat modele ale transferului dinamic al tritiului – radiopoluantul endogen major in Romania - in mediu terestru si acvatic, privind in special depunerea umeda a apei tritiate, dinamica tritiului legat organic in produse vegetale si animale, evaluarea riscului radiologic ca urmare a emisiilor acvative accidentale si a riscului specific faunei reprezentative – modele ce au conferit autoritate stiintifica aportului autorilor la programe ale Agentiei Internationale pentru Energia Atomica, precum si interventiilor de specialitate ale expertilor nostri in dezbateri internationale privind o evaluare corect condusa si dimensionata, a riscului radioecologic potential indus de unitatile nuclearo-electrice de la Cernavoda.
In domeniul proceselor si mecanismelor migratiei in mediu a radionuclizilor, al radio-ecologiei ‘poluantilor istorici’ (radionuclizi cu originea in experientele cu arme nucleare in atmosfera din deceniul 6, si in accidentul nuclear de la Cernobil, 1986) s-a dezvoltat o metodologie experimentala adecvata pentru determinarea coeficientilor de transfer ai 137Cs in sistemele apa-suspensie si apa–sedimente, si s-a realizat o evaluare analitica, teritorial-relevanta a variabilitatii spatiale a transferului radiocesiului din sol in plante, in zonele de risc nuclear identificate in Romania.
             In asimilarea de tehnici speciale de detectie si al sistematicii distributiei in mediu a metalelor grele s-au realizat identificarea si evaluarea cu senzori apartinand biotopurilor, a zonelor afectate si a surselor de poluare cu metale grele in Romania, efectuandu-se extinse investigatii de teren ce au permis initierea unei cuprinzatoare baze de date precum si o participare documentara substantiala la  programul si Atlasul european de profil.
            In elaborarea de solutii aplicative si sisteme de detectie a radiatiilor s-au elaborat metoda si s-a realizat prototipul unui sistem semiautomat de citire a detectoarelor termoluminiscente (TLD), si de prelucrarea computerizata a datelor, utilizandu-se, in context, sistemul RODOS pentru evaluarea dozelor datorate unui accident nuclear ipotetic si folosirea informatiilor pentru o plasare optima a unui sistem TLD la centrala nuclearoelectrica Cernavoda.
Proiectul s-a remarcat printr-o serie de realizari deosebite, apreciate in mediile de specialitate si prezentand un cert potential aplicativ - confirmat selectiv in practica. Dintre acestea se citeaza:
· Interfata RODOS-B/PC - disponibila online pentru utilizatori autorizati.

· Adaptarea sistemului RODOS si a unor programe adiacente, la evaluarea impactului tritiului in cazul unei emisii radioactive accidentale la CNE Cernavoda.

· Adaptarea sistemului MOIRA si a unor programe adiacente,  la studiul impactului tritiului pe termen mediu, in mediul acvatic.

· Proiectarea de scenarii si asistenta in timp real, pentru exercitii de alarmare nucleara internationale (ConvEX 3) si nationale (Oltenia 99).

· Studiul de amplasare a unui sistem de detectori termoluminiscenti TLD pe amplasamentul centralei nuclearoelectrice Cernavoda.

· Contributii stiintifice de referinta in Analiza Riscului: monografia Springer Topics in Safety, Risk, Reliability and Quality, Volume 8, 2005, ISBN 10 1-4020-3451-2. Gheorghe A., Vamanu D. Disaster Risk and Vulnerability  Management – From Awareness to Practice. pp 1-320; monografia Springer Topics in Safety, Risk, Reliability and Quality, Volume 9, 2006 ISBN 10 1-4020-4306-6. Gheorghe A., Vamanu D. Critical Electricity Infrastructure: Current Experience in Europe. pp 195-253.

· Relevanta recunoscuta in structuri institutionale: NATO Security through Science Series, IOS Press, Netherlands. NATO Meeting on Modeling Complex Systems Gheorghe A., Vamanu D.V., (2006). Modeling   Vulnerability of Interdependent  Critical Infrastructure: from Graphs to Models  with Strange Attractors
· Recunoastere academica: cooptare in consilii editoriale ale publicatiilor de specialitate: International Journal of Critical Infrastructures (2005) si  International Journal of Systems of Systems Engineering (2007) - Dan V. Vamanu, directorul proiectului.

· Vizibilitate internationala: articolul Gheorghe A., Vamanu D. (2007). Risk and Vulnerability Game - The Anti-Satellite Weaponry (ASAT). International Journal of Critical Infrastructures, Vol.3, No. 3/4, pp 457-470. 10 pagini de citari si comentarii www.google, medie pe perioada iunie 2007- iunie 2008.

· Contributii stiintifice de referinta in radioecologie: capitolul dedicat tritiului si carbonului-14 din manualul tehnic al Agentiei Internationale pentru Energia Atomica (IAEA), Quantification  of RadionuclideTtransfer in Terrestrial and Freshwater Environments for Radiological Assessments, Chapter 12 - Specific activity models and parameter values for Tritium, 14C and  36Cl, International Atomic Energy Agency, (2008). Revizia ghidului IAEA – TRS,  Handbook  of Parameter Values for the Prediction of Radionuclide Transfer to Humans in Terrestrial and  Freshwater Environments, International Atomic Energy Agency (2008).

· Recunoasterea internationala pentru modelul original al H-3 si C-14 in mamifere (D. Galeriu, A. Melintescu, N. A. Beresford, H. Takeda, N.M.J. Crout, The Dynamic transfer of 3H and 14C in mammals – a proposed generic model, acceptat spre publicare in Radiation and Environmental Biophysics.

· Sustinerea principalei lectii invitate privind radioecologia si dozimetria H-3 la 8th International Conference on Tritium Science and Technology, 16-21 septembrie 2007, Rochester, New York, U.S.A.

· Replica oficiala a Romaniei la alegatiile Greenpeace privind riscul tritiului la Cernavoda – la solicitarea Agentiei Nucleare.

· Sistemul integrat  de detectie a radiatiilor cu detectori termoluminiscenti (TLD).

· Contributia documentara, pe sectorul Romaniei, la programul "Survey of Heavy Metal Deposition in Europe  2005/2007".

          Se apreciaza ca obiectivele proiectului au fost indeplinite. Atat directiile de cercetare adoptate cat si rezultatele obtinute sunt consonante cu orientarile si productia stiintifica dominante in domeniu, si uneori s-au remarcat ca autentice initiative de cercetare, in cadrul de cooperare al Comunitatii Europene, precum si in mediile academice si de cercetare-dezvoltare ale sectorului privat din spatiul euro-atlantic.
          Promovarea, prin proiect, a indigenizarii si implementarii in Romania a sistemului RODOS a contribuit, in mod specific, la efortul general de compatibilizare europeana al Romaniei, la nivel tehnic si legislativ.
          Dezvoltarile in radioecologia tritiului au demonstrat la nivelul institutiilor internationale, ca si in dezbaterea stiintifica si civica de pe Continent, expertiza unica in materie, prezenta in singura tara europeana ce s-a angajat in aplicarea industriala a conceptului HTWR-CANDU.
          Studiile in domeniul migratiei in mediu a radio-poluantilor istorici, ca si in domeniul contaminarii teritoriului national cu metale grele au conturat mai clar harta Romaniei in atlasele internationale de profil.
          Solutiile de implementare a tehnologiilor moderne de detectie a radiatiilor consolideaza capacitatea, permanent necesara, de monitorizare si control radiologic a zonelor domestice si frontaliere de risc nuclear.
         Initiativele teoretice si aplicatiile in analizele de risc si vulnerabilitate sprijinite de tehnologii moderne de modelare, simulare si vizualizare analitica (MS&V) s-au dovedit a fi, conform asteptarilor initiale, intens solicitate de mari actori din mediile de afaceri – industrie, finante, banci, asigurari, precum si de institutii ale guvernarii – securitate, aparare, orientare strategica. Unele lucrari din tematica proiectului au generat, astfel, demonstratii stiintifice si/sau software invitate de interlocutori notabili, intre care departamente ale NATO, ale guvernelor Elvetiei, Noii Zeelande, Azerbaijanului, Kuweitului, Chinei, sau departamentele de cercetare ale companiilor Swiss Railroads – SBW, Swiss Re, UBS, Holzim, Pulinco – actiuni realizate cu sprijinul partenerilor academici informali ai participantilor la proiect. Domeniul a generat si o pozitie de Doctor, precm si un doctorat in curs de finalizare.

         Fata de acestea, unele directii de activitate ce s-au dovedit deosebit de promitatoare vor fi, in mod selectiv, dezvoltate in continuare, in cadrul PN 2.

__________

ADVANCED MODELS AND METHODS IN ENVIRONMENTAL NUCLIDE MIGRATION, ECOSYSTEM - AND CRITICAL INFRASTRUCTURE VULNERABILITY, AND HEALTH / ENVIRONMENTAL IMPACT OF NUCLEAR AND INDUSTRIAL ACTIVITIES  -  MAMIN

Executive Summary

The project  Advanced Models and Methods in Environmental Nuclide Migration, Ecosystem and Critical Infrastructure Vulnerability, and the Health - and Environmental Impact of Nuclear and Other, Industrial, Activities endeavored to originate and develop physical and mathematical models, innovative methods, knowledge and data bases, as well as dedicated decision support software/systems (DSS) designed for a better understanding of the phenomenology involved in, and the quantitative assessment of the risk and vulnerabilities confronting critical infrastructures and ecosystems, with special emphasis on studying the migration of radionuclides and other pollutants, like the heavy metals, in the environment, the food chain, and the animal and, in particular, the human body. The project aimed at a scientifically-substantiated and legally-consistent – with both domestic and international regulations - management and control of the impact that nuclear and industrial activity at large may have on environmental and life quality. The framework as described was comprehensive enough to host a meaningful and coherent in scope variety of topics, well-served by a commensurate variety of research teams in Nation’s Capital, Bucharest, and the city of Baia Mare, in Northern Transylvania.

The three-year-phased output amounted to knowledge bodies, rule sets, procedures, analytical methods of quantitative assessment, IT tools to assist managerial decision and  operative response to abnormal events challenging health and environment, the validity and usefulness of which have been confirmed academically – by professional exchanges and publications, being also verified in domestic and international applications, demonstrations and drills. On this line,

Concerning the decision support systems for a multi-criterial assessment and intervention assistance in nuclear emergencies appropriate solutions were identified and developed for a domestically-adjusted implementation of the reference European systems RODOS (Real-Time, Online Decision Support System for the Management of Nuclear Emergencies in Europe) and MOIRA (an aquatic environment counterpart), bearing upon the diagnosis and projection of radionuclide dispersion in the environment following an accidental release. Data bases covering the national environment, as well as adapted computational modules and user interfaces were developed in view of their integration with the respective European engines and data resources. The resulting Nuclear Emergency Decision Support facility residing in the Project's host institute – NIPNE is currently instrumental in fulfilling one statutory mission of the institution – namely to provide a prompt and adequate expertise to the Romanian General Inspectorate for Emergency Situations, and other governance forae, when/as deemed appropriate.

Concerning the modeling, simulation and visual analytics serving the risk and vulnerability quantitative analysis of complex systems and critical infrastructures, innovative models drawing upon analogies and paradigms of Physics, as well as of Sociometry, were originated and developed, involving in original manners the Stability Analysis in Dynamical Systems; phase portrait and chaos theory; time series analysis; graphs and cellular automata concepts and techniques to devise telling metrics for the vulnerability of complex systems including critical infrastructures, the nuclear fuel cycle, ecosystems, energy systems, the transportaion of hazardous materials, the IT, and the atmospheric dispersion in urban environments and terrains of a heavy orography. The results have entailed a substantive contribution to the topical literature, including two Springer monographs and the membership in the Editorial Boards of two international journals.

Concerning the radioecological modeling serving Nuclear Safety, models were developed for the dynamical transfer of Tritium – the endogenous Romanian radio-pollutant – covering both the atmosperic and aquatic paths. The emphasis was on the wet deposition of tritiated water; the dynamics of organically-bound tritium (OBT) in fresh vegetables and animals; the assessement of radiological risk following accidental aquatic releases – with the wildlife in focus, the output lending intellectual authority to the respective authors, as contributors to IAEA programs and advocates of a well-tempered, rational and unbiased debate of the radio-ecological risk allegedly incumbent in the operation of the CANDU nuclear power units at Cernavoda, Romania.

Concerning the research on processes and paths of nuclide migration into the environment , especially addressing the 'historical pollutants' (those with the origin in the nuclear weapon tests and in the Chernobyl 1986 disaster), an experimental set of methods has been developed to determine the transfer coefficients of Cs-137 in water/suspension and water/sediment systems. On this basis, an assessment of the spatial variability in the  soil-to-plant radiocaesium transfer in higher nuclear risk zones in Romania has been performed and reported.

Concerning special methods and techniques to detect the presence and detrmine the environmental distribution of heavy metals, performant biosensors have been identified and tested on selected contaminated regions in Romania. Extensive ground surveys were conducted, a map system and database were established, and a substantive participation in the topical European programs and Atlas drafting was secured.

Concerning the design and implementation of dedicated radiation detection systems, the concept and prototype version of a semiautomatic system of data acquisition and processing from TLD detector networks were made available, so that the RODOS system (see above) could be employed to evaluate doses following from a hypothetical accident serving as a calibrating event. An optimal configuration of a TLD detection system on the Cernavoda NPP premises ensued.

A series of project results featuring both a consistent scientific substance and a confirmed practical meaning and potential stood out in the attention of the professional circles. Among these:
· The RODOS-B/C Remote User Interface – made available online for authorized users in Romania.

· The RODOS and associated software customization for assessing Tritium releases in hypothetical releases at NPP Cernavoda.

· The MOIRA and associated software customization for assessing aquatic releases of Tritium and their medium-term consequences on the living.

· Scenario design and real-time decision support in international (ConvEX-3) and nation-wide (Oltenia) nuclear alert exercises.

· The concept study to emplace a TLD radiation detection system on the premises of the NPP Cernavoda.

· Notable scientific contributions in Risk Analysis: the monograph Springer Topics in Safety, Risk, Reliability and Quality, Volume 8, 2005, ISBN 10 1-4020-3451-2. Gheorghe A., Vamanu D. Disaster Risk and Vulnerability  Management – From Awareness to Practice. pp 1-320; and the monograph Springer Topics in Safety, Risk, Reliability and Quality, Volume 9, 2006 ISBN 10 1-4020-4306-6. Gheorghe A., Vamanu D. Critical Electricity Infrastructure: Current Experience in Europe. pp 195-253.
· The interest displayed by consequencial institutional structures, v.e.g. NATO Security through Science Series, IOS Press, Netherlands. NATO Meeting on Modeling Complex Systems Gheorghe A., Vamanu D.V., (2006). Modeling   Vulnerability of Interdependent  Critical Infrastructure: from Graphs to Models  with Strange Attractors
· Displays of academic recognition: invited membership in the Editorial Boards of the International Journal of Critical Infrastructures (2005) and the  International Journal of Systems of Systems Engineering (2007) - Dan V. Vamanu, Project Manager.

· International notoriety: the paper Gheorghe A., Vamanu D. (2007). Risk and Vulnerability Game - The Anti-Satellite Weaponry (ASAT). International Journal of Critical Infrastructures, Vol.3, No. 3/4, pp 457-470. - an average of 10 www.google.com daily pages of citations and comments, over the period June 2007 – June 2008 .

· Notable scientific contributions in radio-ecology: the section of Tritium and Carbon-14 in the technical manual of the International Atomic Energy Agency (IAEA), Quantification  of RadionuclideTtransfer in Terrestrial and Freshwater Environments for Radiological Assessments, Chapter 12 - Specific activity models and  parameter values for Tritium, 14C and  36Cl, International Atomic Energy Agency, (2008). The scientific review of the IAEA – TRS guide  Handbook  of Parameter Values for the Prediction of Radionuclide Transfer to Humans in Terrestrial and  Freshwater Environments, IAEA 2008.

· International acknwledgement of the novel model on H-3 si C-14 in mammals: D. Galeriu, A. Melintescu, N. A. Beresford, H. Takeda, N.M.J. Crout, The Dynamic  transfer of 3H and 14C in mammals – a proposed generic model, Radiation and Environmental Biophysics – in press.

· Key-note invited lecture on Tritium radio-ecology and dosimetry, at the 8th International Conference on Tritium Science and Technology, 16-21 September 2007, Rochester, New York, U.S.A.

· Romania’s formal stand, by appointment of the Nuclear Agency, about the Greenpeace allegations concerning Tritium risks at Cernavoda. 

· The integrated, TLD-based, system of radiation detection.

· The technical documentation,  covering the Romanian sector, in the program ‘Survey of Heavy Metal  Deposition in Europe  2005/2007’.

In consideration of the above, it is believed that the Project commitments were properly honored. The effective directions of research and the results obtained along these were in tune with the topical trends, guidelines and the scientific production worldwide, sometimes standing out as genuine research initiatives within the EU cooperative framework and, generally, in the academic and R&D Euro-Atlantic cultural and institutional environment.

Project’s contribution to the assertion of a custom-tailored implementation in Romania of the RODOS nuclear emergency system was conducive to the overall effort of Romania’s alignment to the European standards, at technical and legal levels.

The headway made in the radio-ecology of Tritium has demonstrated, at the level of international institutions as well as in the Continental scientific and public debate, the unique topical expertise available in the one and only European country committed to the industrial application of the HTWR-CANDU nuclear power concept.

The studies concerning the environmental migration of the ‘historical radio-pollutants’ and the levels of heavy metal contamination of the national territory have appropriately marked Romania’s status in the topical international Atlases. 

The solutions proposed in order to implement modern radiation detection technologies are consolidating a standing, necessary capability of radiological monitoring and control of the inland and borderline zones of nuclear risk.

The theoretical initiatives in the field of Risk and Vulnerability Analysis and their applications integrating modern MS&V (Modeling, Simulation and Visual Analytics) techniques have attracted, as originally expected, a vivid interest on behalf of noted business players in industry, finances, banking, insurance/reinsurance, as well as of governance actors dwelling in Security, Defense, Strategic Planning. Selective topics and work developed and published under Project’s aegis have thus triggered invited scientific and/or software demonstrations and proofs of concept, by appointment of notable interlocutors such as departments of NATO, of the governments of Switzerland, New Zealand, Azerbaijan, Kuweit, China, or by corporate R&D departments of Swiss Railrods – SBW, Swiss Re, UBS, Holzim, Pulinco – such activity having the support of informal academic correspondents of project participants. On this line, the Project has also generated one PhD, with another forthcoming.

As a consequence of the above, several promising directions of work  are contemplated to be further pursued within the PN 2 framework.

__________
