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Main R&D Organizations

INR, Institute for Nuclear Research, Pitesti
Major R&D Nuclear Facilities (TRIGA Reactor, Hot Cells), Material
Laboeratories, Nuclear Fuel, Nuclear Safety....

CITON, Center for Nuclear Objectives Engineering, Bucharest
R&D studies related to Nuclear Installations, Nuclear Safety, \Waste
management...

ICIT, National Institute for cryogenics and isotope technoelogies,
Rm Valcea.
R&D devoted to heavy water technelogies

IEIN;, Institute for nuclear physics and engineering, Bucharest
Atomic Energy Applications

University researnch (Pelitechnical University Bucharest, University: of
Pitestl, etc.)

Other research centers and laboratories




INR activity outline and staff

Activity outline

Nuclear Power Research as a scientific and technical support for the
Romanian nuclear power programme

Mainly dedicated to the existing NPP in the country (CANDU)

Focused with priority on:

- Nuclear Safety (behavior of plant materials, components,

installations during accident conditions and Integrity investigations);
- Radioactive Waste Management
- Radioprotection

> Product and services supply for NPP

INR” Staiif

> 320 - R&Drgualified and experienced staff
> 240 — devices and proetetype workshops and site support activities
> 90 - administration




INR ORGANIZATION

Director
Mr. Constantin PAUNOIU

Reactor Physics and Nuclear Safety
Dr. Csaba ROTH

Operation and Utilization of TRIGA
Reactor
Dr. Marin PREDA

Nuclear Safety Deputy Director
Mr. Marin CIOCANESCU

Nuclear Maerials and Corrosion
Dr. Dumitru OHAI

Scientific Deputy Director
Mr. llie TURCU

Nuclear Fuel Performance
Dr. Grigore HORHOIANU

Financial Director
Mrs. Mariana NITA

Post Irradiation Examination
Mr. Marcel PARVAN

Electronics
Mr. Gheorghe RADU

Out of Pile Testing
Mr. Constantin IORGA

Radioactive Waste Treatment
Mr. lon POPESCU

Quality Management Group
Mr. Cristian PATTICU

Health and Physics/Radioprotection
Mr. Alexandru TOMA

Reliability and Testing
Dr. Gheorghe VIERU

Administrative and Support Activities
Human resources, Accounting,
Procurement, Planning and Contracting,
Library, etc.




TRIGA Reactors,, U.S. General Atomics Design,
High-Inherent Nuclear Safety, intended to Fuel and
Materials Testing in Steady — State and Pulse Modes

to
sical,
Materials / Equi
S

Radioactive Waste lN R
Treatment Plant, ASS ETS
on Qualifi
’ Author
Technologie :

Laboratories for Fuel
Elements Manufacturing
and Experimental
Development of
Technologies for Advanced
Fuel Fabrication

Post-Irradiation
Examination Laboratories
for Evaluation of Nuclear
Fuel and Structural Materials
Behavior

High Activity Gamma
Irradiation Station
(SIGMA)

Mechanical Workshops dealing
with Precision Mechanics,
Pressure Equipment, Lifting
Devices sustained by Special
Authorized Processes and
Distinct Laboratories for
Material and Quality Control




Institute for Nuclear

Research — Pitesti
Main Fields of Activity

Radiation
protection

1B

Post irradiation Reactor Corrosion Electronics Radioactive
examination physics wastes

2= IS oF/F

Vetrology. Out-of-prie TRIGA Design Fuel
testing reactor, performange




Reactor Physics and Nuclear
Safety Department

Continuous improvement of the nuclear installation safety through
nuclear safety analysis upgrading, development of models and, computer
codes.

»Reactor Physics Analysis

»Thermalhydraulic Analysis

»Reactor Physics Computer Methods and Codes Development

»Nuclear Safety Analysis for NPP

»Safety Assessment for Radioactive Wastes Repositories

»Experimental Methods for Reactor Physics

»Neutronic Design of In-Pile Irradiation of Romanian CANDU Type Fuel in
TRIGA Reactor

»Probabilistic Safety Analysis for Cernavoda NPP, research reactors and
conventional installations.

»Reference Neutron Spectrum Devices for Thermal and Epithermal Energies
(to be Assessed as a Neutron Flux Density Etalon)

»Neutron Source Graphite Pile for Low Neutron Flux Measurements

»High Resolution Gamma Spectrometry Chain




TRIGA reactor

» Iechnical support for irradiation tests
on structural materials and nuclear fuel
for CANDU type nuclear power plants.
»lrradiated and non-irradiated nuclear
fuel behavior analysis in transient
regime.

»Radioisotopes and irradiated
materials production with applications
in health, industry and envirenment
areas

Nuclear fuel irradiation tests

-Irradiation tests on TRIGA,

experimental CANDU SEU-43 fuel type,

etc. |

-Cernavoda NPP fuel tests in accident. &

conditions — LOCA, RIA

-Structural materials irradiation: in inactive envirenment (Helitim))

Power cycling tests with techinicall conditions, specified by the beneficiary.




Ini core Irradiation devices for experimental ‘_“

fuel and materials
SIGMA facility for gamma irradiations

Design, validation and authorization for
new devices used in Irradiation tests on
nuclear fuel and structural materials.
TRIGA reactor operation and
management

Reactor utilization for radioisotope
production and neutron beam
applications

High resolution neutron diffractometer for u

structural analysis on nuclear materials
Neutrenoegraphy: installation fox
guantitative and qualitative analysis on
nuclear fuel

Prempt gamma spectrometry installation
Thermal celumn for thermal and
intermediany neutren fliux experiments.




TRIGA reactor — cont’d

Strateqgic plan 2005-2010

Maintenance of operational status of
the reactor;

Continuing TRIGA SSR 14MW
conversion from HEU to LEU:;

Activities to ensure higher thermal
flux for experimental channels;

SEU 43 type experimental fuel
elements testing according to
Specifications;
RIA type test in ACPR, on pre-
irradiated fuel;

Alternate/multiple use of neutron flux
In the reactor core and from
horizontal beam tubes;

Radiolsotope production for
pharmaceutical applications.




Nuclear Materials and Corrosion
Department

»Nuclear materials behaviors
study in NPP’s, under normal,
abnormal and severe accident
conditions.

»Manufacturing and control
technologies  for advanced
nuclear fuels development




*Thermo-mechanical testing of metallic and
ceramic materials under different state of
stress and environment conditions;
sinvestigation of degradation mechanisms
acting Iin the NPP systems/components
materials;

' *Reception tests on half-finished alloys;
' sf-racture mechanical analysis;

oZirconium: alloys and UO2 pellets behavior
under sever accident conditions;

Microstructural and fracture surfaces e

analysis;

DRX and texture analysis;

Micro- and nanoestructural analysis; .h. \I!

Decontamination technologies for of

NPP components and eguipments;

Development of technologies for UO2

sinterable powders;

Development ofi technoelegies for UO2

sintered pellets with controlled
micrestructure;
Tlechnologies for Zy alley welding

concerning experimental fuel assembiy;




Nuclear Fuel Engineering
Laboratory.

»> design, analysis and performance evaluation of fuel elements and fuel
bundles in operation at Cernavoda NPP;
> In reactor testing of the CANDU type fuel elements and fuel bundles.

Fuel behavior modeling:
—UQO, fission gas release, fuel swelling, thermal and mechanical behavior
swelling and grain size;
—Pellet-cladding interaction; cladding thermal - mechanical behavior;
—Stress corrosion- cracking (SCC).
Computer codes development and validation:
- Computer Codes for fuel behavior under normal conditions;
- Computer Codes for fuel behavior under accident conditions;
- Finite element computer codes. Probabilistic computer codes;
Fuel engineering:
- Fuell design optimization and evaluation;
- Fuell perfermance analyses using computer codes;
- Defective fuel analysis;
- Fuellbundle structural analyses; Heat transier analyses;
Euel safety analysis




Post-lrradiation Examination
Laboeratory

» CANDU fuel and structural

materials behavior investigation

after irradiation in Cernavoda |
Nuclear Power Plant (NPP) or in |
Romanian TRIGA research ‘
reactor.

»Manufacturing and sale of M
sealed nuclear radiation sources =888 s
and radioisotopes used in | -
Industriy, agriculture and

medicine.

> Radieactive waste

characterization and treatment.




Non-destructive Post-Irradiation Examination
o« Visual Inspection and Photegraphy.
 Profilometry and Length Measurement
« Gamma Scanning and Temography:
« Eddy Current Testing to check the fuel rod
cladding integrity after irradiation.
Destructive PIE

Puncture Test
Optical Microscopy.

Mass Spectrometry
High Perfermance Liguid Chromatography.
(HPLC) with UV-Vis detector
Tensile Testing and Creep Testing
Sealed Nuclear Radiation Sources
« Manufacturing of sealed 192Ir and 60Co
sources for industrial radiegraphy.
Radioactive \Waste
o Radienuclide characterization




OUT-OF-PILE-TESTING Department

»design, manufacturing and test ofi the
equipment, facilities, nuclear and nen-
nuclear materials in operation in the
Out —of - Pile Testing Department

» design, manufacturing and operation
of the specialized unigue devices for
out-of-pile testing on nuclear fuel




oriented for Cernavoda NPP
Fuel bundle out-of-pile testing:
o test assembly for the impact test
 test assembly for pressure drop tests
» test assembly for wear and endurance tests
Testing of Fuelling Machine (F/M) heads No.4 and 5 for Cernavoda NPP- Unit 2
(performed between 2001 and 2005) - first head No.4 delivered to
Cernavoda NPP in August 2005.
Qualification technoelogies have been developed (for fuel channel clesures);
there have also been designed and manufactured:
maintenance tools for the NPP (garter springs repositioning, plugging
of steam generator pipe)
installation for testing F/M rams
E/M mechanical and electric simulator
Test rigs used for nuclear fuel gualification:
test rig for fuel elements
test rig for the Fuelling Machine heads
test rig for channel closure
test rig for reactivity control mechanisms
test rig for vibrations
test rig for spare ram assempbly
test rig/ fer explosion panels




Radiation Protection, Environmental Protection
and Civil Protection Department

> implementation; of radiation
and environment protection
plan for ICN nuclear facilities
»R&D program destined to
Increase proficiency in human
and environment protection
against radiation-associated
risks.




Radiation Protection, Environmental Protection
and Civil Protection Department

» Radioecological studies of radioactive
contamination transfer for agricultural and
aguatic ecosystems.

» Development of radiation measurement
methods for radiation protection purposes:
Monte Carlo methods for efficiency.
calibration of spectrometric and dosimetric
devices

» Developing of radionuclide environmental
dlspersmn models (AQUARAD)

mﬁ) 3 —

» Derived emission limits for nuclear
reactors for gaseous and liquid
effluents

» Method and technigues for rapid
sampling of tritium from atmosphere
for concentration measurements.

» Testing of individual protection
equipment for radioactive
contaminated working
envirenements.

o Scientific, methedelegical and
practical suppert develepment for
emergency planing and
preparedness

21




Radioactive Wastes Management
Department

»ireatment and  conditioning  of
radioactive wastes resulted from the
TRIGA reactor and other research
laboratories of the site, the Nuclear Fuel
Factory (FCN), the Cernavoda NPP,
Institute for Nuclear Physics and
Engineering (IFIN-HH).

»design and manufacturing of
equipment and tools for the assay and
measurement of radioactive samples
from the environment and from working
areas, which imply radioactive sources.




Implementation. of new equipments and
technologies In  the management of
radwaste.

efreatment technology by evaporation of
liguid effluents resulted from the TRIGA
reactor and conditioning of the yielded
concentrate, in view ofi its final dispesal.
efreatment technology for ligquid wastes
contaminated  with natural uranium,
followed by uranium recovery.
eConditioning technology for B-y low active
solid wastes, in view of their final disposal.
Qualification of packages for the storage of
solid and liguid radwaste from NPP:
eStainless Steel Packages for storage of
low. and medium active wastes from NPP
operation

eStainless Steel Packages for storage of
liguid:  radwaste frem NPP' operation/
decontamination.




ELECTRONICS

»lesearch and development of dedicated
electronic Instrumentation. and eguipment,
mainly for nuclear applications

»an R&D program for development of radiation
field measurement devices

»>software development for process control
and data processing



 design and manufacturing of equipment
for CANDU 600 NPP, ranging from
electronic Instrumentation like
lonization Chamber Amplifier for reactor
control with trip cemparater for fast
shutdown system, In-Core Flux Detector
Amplifier or Dynamic Compensation
Module, te computer based system
control like Failed Fuel Location System
(delivered to Cernaveda NPP Unit 1 in
1991 and for Unit 2 in 2005), Gaseous
Fission Product Monitor (delivered to
Cernavoda NPP Unit 1 in 1991 and for
Unit 2 in 2005), Area Monitors.

edesign and manufacturing ofi equipment
fior our research facilities, like Safety and
Control System for Irradiation Devices,
Radiation Dese Data Acquisition: System,
Meteorological Data Coellecter and
Precessing Sysiem for nuclear facilities.

25




DESIGN SERVICES

» design of nuclear equipment, pressure vessel and
laboratory devices.

i R
*Design of investment objectives: pre-
feasibility and feasibility studies,
technical designs;
sDesign of research equipment and
installations
sDesign of equipment related to CANDU
type nuclear fuel manufacturing
sDesign of pressure vessels, piping and
hielsting units within nuclear or classic
objectives.




RELIABILITY AND TESTING

»qualification and production tests and
certification of the equipment and
Instrumentation manufactured In our Institute or
manufactured by licensed suppliers

o tests and certification for Cernavoda NPP
equipments, such as: Failed Fuel Location
System, Heat Transfer System Radiation
Monitoring, lon Chamber Amplifier, Dynamic
Compensation Module, etc.

o test and certification of type A and B packages
used for temporary storage and transportation of
radioactive wastes.




QUALITY MANAGEMENT

Development, implementation and maintenance ofi a guality.
management system according to ISO 9001:2000 and to applicable
statutory and regulatory requirements

Quality engineering activities for quality management system
documentation;

Quality survey activities for design and manufacturing of products for
nuclear installations and conventional applications;

Quality survey activities for nuclear installations operation;
Quality assurance training of personnel;
Quality management systems internal and external auditing.

INR quality management system certification by LROA (Approval
certificate No. 170254);

INR quality management systemi authorization by CNCAN for research,
design, manufacturing and eperation activities related te the nuclear
fireld.




JAEA Assistance and Co-operation

35 years of technical assistance and support

Establishment of the Institute for Nuclear Technologies following
IJAEA recommendations and significant IAEA assistance with
the objective to provide the necessary technical and scientific
support for the Romanian Nuclear Power Programme (1971).

Institute development with the continuous support of IAEA
(fellowships, equipments, expert mission) including:

Regular Projects with INR as the main recipient:
Development and testing of locally made fuel elements
Building Nuclear Safety capabilities

Development of the Cernavoda Probabilistic Safety Evaluation
Studies

Plant commissioning requirements and training
Radiological protection

Licensing of test facilities for CANDUI 600 fuelling machine
Eull' cenversion off TRIGA 14-Mw: Core from HEU to LEU




JAEA Assistance and Co-operation

35 years of cooperation

Regional projects

Training courses, scientific visits,
expert missions, etc.

Ex: RER/9/076 Strengthening Safety
and Reliability off Nuclear Fuel and
Materials in Nuclear Power Plants:
Upgrading the Hot Cells at INR Pitesti
and development of the CANDU spent
fuellexamination and surveillance
programme.

Others co-operation; forms:
» Research contracts

* INR contribution te the IAEA activities (development of standards,
experts)




JAEA Assistance and Co-operation
2007-2008

Regular Project

> ROM/4/024 Eull Conversion of TRIGA 14-MW. Core from HEU to LEU Fuel

Reglonall Projects

REROL17-Human Resource Development, Nuclear Technology Support and
Regional Programme Review; Dumitru DOBREA, CP

REROO2-Strategic Planning for Management, Self-reliance, and Sustainability of
National Institutions; Constantin PAUNOIU, CP.

RERO033- Strengthening Capabilities for Nuclear Knowledge Preservation;

Marine CONSTANTIN, CP

REROO8 — Strengthening Safety Assessment Capabilities; llie TURCU, CP.

RERO014 — Upgrading National Capabilities im Controlling Public Exposure;
Alexandru TOMA, CP

RERO22 — Support in Planning| off Decommissioning off Nuclear Pewer Plants
and Research Reactors; Csaba ROTH, CP.

RERO03 — Repatriation, Management and Disposition of Freshiand/or Spent
Fuel firom; Research Reactors; Marin CIOCANESCU, CP.

REROL7 — Nuclear Technigues for the Protection of Cultural Heritage Artefacts
In the Mediterranean; Regiion; Maria IONILA, CP.
31
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