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SEZ in DUBNASEZ in DUBNA

On December 21 2005, the 
Prime Minister of the 
Russian Federation 
M.Fradkov  signed 
Resolution № 781 on the 
establishment of a Special 
Economic Zone in the 
territory of the town Dubna. 
On Jan 18 2006 it was 
legalized by town/region 
authorities

COPPER MICROTUBESCOPPER MICROTUBES

NanotechnologyNanotechnology

METALLICMETALLIC NEEDLESNEEDLES

Гамма-излучение

Радиационная защита

НейтроныRadiation monitoring and Radiation monitoring and 
safetysafety

……………………http://www.rosoez.economy.gov.ru/ru/



SEZ Creation: Goals and objectivesSEZ Creation: Goals and objectives

• Manufacturing industry development
• Advanced technology branches 

development
• New kinds of products manufacturing
• Commercialization of scientific-and-

technological developments
• Fair competition between the countries



Cost ReductionCost Reduction for SEZ Residentsfor SEZ Residents

23-29%23-29%Total

5-7%3-5%Taxes

7%5%Concentration of 
production

8-10%10-12%Infrastructure

3-5%5-7%
Administrative 

barriers

Technological-and-
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Industrial-and-
Production SEZ

Costs
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SAD Project ObjectivesSAD Project Objectives
Coupling all major components of ADS;

Core design, safety assessment, licensing;

keff control and monitoring;

Shielding from high energy neutrons;

Experiments on core neutronics, reactivity 

feedbacks, transmutation reaction rates



Experimental ProgramExperimental Program
Qualification of subcriticality monitoring, experiments Qualification of subcriticality monitoring, experiments 

with PNG;with PNG;
Validation of the core power/beam current ratio;Validation of the core power/beam current ratio;
Tests and calibrations of the actual spallation target;Tests and calibrations of the actual spallation target;
PostPost--irradiation and onirradiation and on--line spallation products yields line spallation products yields 
investigation;investigation;
Transmutation reactions rates, integral cross sections Transmutation reactions rates, integral cross sections 
and spectral indices measurements;  and spectral indices measurements;  
Interpretation and validation of experimental data, Interpretation and validation of experimental data, 
codes validation, benchmarking;codes validation, benchmarking;



Participating OrganizationsParticipating Organizations

JINR JINR -- leading organization, scientific supervisor;leading organization, scientific supervisor;

GSPI GSPI -- the general designerthe general designer;;

NIKIET NIKIET –– subcritical blanket and target  designer;subcritical blanket and target  designer;

VNIINMVNIINM -- the developer of a fuel element;the developer of a fuel element;

IA “Mayak” IA “Mayak” -- manufacturer of the fuel;manufacturer of the fuel;

ISTC project #2267 was started at Nov 2003ISTC project #2267 was started at Nov 2003

About 180 people at present are working on projectAbout 180 people at present are working on project



Foreign  CollaboratorsForeign  Collaborators
Forschungszentrum KarlsruheForschungszentrum Karlsruhe -- FZK,FZK, Institut für Institut für 

ReaktorsicherheitReaktorsicherheit, Dr., Dr. Cornelis BroedersCornelis Broeders;;
Kungliga Tekniska HögskolanKungliga Tekniska Högskolan -- KTH, Nuclear and KTH, Nuclear and 
Reactor Physics, Prof. Waclaw Gudowski;Reactor Physics, Prof. Waclaw Gudowski;
Centro deCentro de Investigaciones Energéticas Investigaciones Energéticas 
MedioambientalesMedioambientales y Technologies y Technologies -- CIEMAT , Dr. CIEMAT , Dr. 
Enrique Miguel Gonzalez Romero;Enrique Miguel Gonzalez Romero;
Commissariat Commissariat аа l'Energie Atomique l'Energie Atomique -- CEA, Cadarache,  CEA, Cadarache,  
Dr. Frederic Mellier;Dr. Frederic Mellier;



Basic DataBasic Data

50 m/sVelocity, v
0,12-0,135 MPaPressure, P (inlet)

~ 0,0067 kg/sCoolant flow rate, G

Core
~ 0,6 kg/sCoolant flow rate, G 

airCooling

Target (Pb)

< 420 kgFuel loading
~0,95k eff

27,6 kWFission power

50/125 ºCTemperature, T (inlet, outlet)

50/96 ºCTemperature, T (inlet, outlet)

0,12-0,135 MPaPresure, P (inlet)

10 m/svelocity, v



Subcritical Blanket/calculationsSubcritical Blanket/calculations

Number of cells for Number of cells for FAs              FAs              141141

Number of loaded Number of loaded FAs                FAs                134134

Number of loaded Pb prisms     Number of loaded Pb prisms     77

fuel loading fuel loading ((UOUO22--PuOPuO22)            )            396,9 396,9 kgkg

density of fuel density of fuel 10,2 10,2 gg/с/сmm33

PuOPuO22 content in fuel                    content in fuel                    29,5 % (29,5 % (ww.).)

U enrichment                                U enrichment                                0,7 % 0,7 % ((235235U)U)

Height of fuelHeight of fuel 58 cm58 cm



Subcritical Blanket/calculationsSubcritical Blanket/calculations
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Subcritical Blanket/ neutronicsSubcritical Blanket/ neutronics
Calculated  KCalculated  Keffeff 00..9515  9515  
Neutron lifetime      Neutron lifetime      22.4·10.4·10--55 ss
Fission power Fission power 2727..66 kWkW
Averaged neutron fluxAveraged neutron flux 11..7·107·101212 11/(/(сmсm22·s)·s)
Peak factor of heat generation (height)  Peak factor of heat generation (height)  11..2121

Heat generation in SAD partsHeat generation in SAD parts::
Fuel   Fuel   2525..96 96 kWkW
Target (neutron and photon from fissions)   Target (neutron and photon from fissions)   9797..3 3 WW
Core cladding  Core cladding  204.3 W204.3 W
Side Pb reflector  Side Pb reflector  565565..4 4 WW
BB44CC 204204..6 6 WW
Concrete   Concrete   771771..1 1 WW
PuPu decay   decay   ~250 W~250 W

Fuel Fuel 

Max power density  Max power density  18 W/cm18 W/cm33

Max flux of fast neutrons Max flux of fast neutrons (Е(Е>> 0,1 0,1 MeVMeV)) 22.4·10.4·101212 1/(cm1/(cm22⋅⋅s)s)
Max fluence of fast neutrons Max fluence of fast neutrons 88..00·10·101919 1/cm1/cm22



Subcritical Blanket/designSubcritical Blanket/design
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Cooling SystemCooling System
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Target/design Target/design Lead PrismsLead Prisms

Air ChannelsAir Channels

Beam InputBeam Input



Target/neutronics Target/neutronics 

Proton beam
Energy 660 MeV
Beam power 1 kW

Target
neutron generation  12.95 n/p
total neutron leakage from target 12.73 n/p
side neutron leakage from target  12.22 n/p
total energy of leakage neutrons 103.2 MeV/p
total heat generation  840 W

neutron source for blanket  11..143143⋅⋅10101414 nn//ss



Phasotron AcceleratorPhasotron Accelerator



Phasotron AcceleratorPhasotron Accelerator



Proton BeamlineProton Beamline
OM-1 deflecting magnet (900 kg, 30 kW) – 9
C- deflecting magnet (1200 kg, 30 kW)     – 2
Correcting magnet (150 kg, 4.5 kW)         – 6
ML-3 quadruple lens (340 kg, 35 kW)      – 9 
Vertical bending magnet (50 t, 15 kW)     – 2 
Beam diagnostics
– Inductive sensor                     – 6
– Profilemeters                        – 12
– Monitor ionization chambers – 2  

Beam line length 37.6 m



Initial data for SAD FE designInitial data for SAD FE design
Operating Conditions

Maximum Dose for Constructional 
Materials of Fuel Element – 0.25 dpa.
Fuel Maximum Burn up – 0.1 % h.a.
Maximum Linear Power of Fuel 
Element – 0.275 kW/sm. 
Maximum Temperature of Fuel 
Element Cladding - 150°С.
Core Coolant - Dry, Dust-free Air.
Maximum Coolant Temperature at 
Core Output - 125°С.
Fixed Resource of Fuel Element for 
Operation of Installation at Nominal 
Power (27 kW) – 10000 h.
Fixed Core Lifetime of Fuel Element -
10 years.

Processing Requirements for Fuel 
Element

Uranium and Plutonium Feed 
Powders, which are used for  BN-
600 MOX Fuel Fabrication.
Constructional Materials of 
Standard BN-600 Fuel Elements.
MOX Fuel Pellets Fabrication at 
“MAYAK”.
Fuel Element Fabrication at 
“MAYAK”.
Fuel Element Quality Control by 
“MAYAK” Control Procedures and 
Equipment.
Components Fabrication at MSZ 
JSC.



FE designFE design



Fuel pellet Fuel pellet 
design design 

parametersparameters

0.02Silicon

Impurities mass share, %, not more
0.02Aluminum
0.02Calcium
0.02Magnesium
0.03Iron

0.02Nickel
0.02Chromium
0.01Nitrogen
0.01Carbon

70Grain size, µm, not more
0.005Fluorine + Chlorine

10.4±0.2Density, g/sm3
1.98Oxygen ratio

30.0±0.3Pu conditional mass share to U and Pu sum, %
0.7235U conditional mass in U dioxide, % not more

95.0239Pu conditional mass in Pu dioxide, %, not less
87.6Mass share of U and Pu sum , %, not less



Pellets parameters controlPellets parameters control



Pu distribution homogeneity studyPu distribution homogeneity study
αα--radiographyradiography

Pu zones less Pu zones less 
than 100 than 100 
mkm in mkm in 
diameterdiameter

Pu zones area less Pu zones area less 
than 10% of than 10% of 
microsection areamicrosection areaNo Pu zones observed hereNo Pu zones observed here



Grain and pore dimensionsGrain and pore dimensions
MicroscopyMicroscopy
study of the study of the 

microsections microsections 
processed in HNOprocessed in HNO33

and HF acidsand HF acids

Pores diameter < 100 Pores diameter < 100 
mkm and  area less mkm and  area less 

than 10% of than 10% of 
microsection areamicrosection areaGrain diameter should be < 50 Grain diameter should be < 50 

mkm (20mkm (20--25 for that sample)25 for that sample)



Experimental Batch of Fuel PelletsExperimental Batch of Fuel Pellets



General LayoutGeneral Layout

BlanketBlanket

VertVert. . 
magnetsmagnets

ShieldingShielding



General LayoutGeneral Layout



SAD BuildingSAD Building
Parameter Value 
Site area, m2 350 
Total area, m2 950 
Building volume, m3 8300 
Bulk concrete volume, m3  1900 
Steel shielding, ton 290 
Bulk heavy concrete volume, m3  25 
Soil shielding volume, m3 2000 
Excavated soil volume, m3 4000 
Concrete retaining wall necessary to 
dismount, m3 350 





Technical project of the subcritical blanket: Technical project of the subcritical blanket: completedcompleted;;

Technical project of the beam line:Technical project of the beam line: completedcompleted;;

Technical project of the fuel element: Technical project of the fuel element: completedcompleted;;

Fuel pellets manufacturing technology:Fuel pellets manufacturing technology: developed;developed;

Preproduction batch of the fuel pellets: Preproduction batch of the fuel pellets: manufacturedmanufactured;;

General engineering project: General engineering project: completedcompleted;;

Project StatusProject Status

Licensing started some project documents already Licensing started some project documents already 
approved by Rostechnadzor (former approved by Rostechnadzor (former 

Gosatomnadzor)Gosatomnadzor)



Project Timeline /4 years/Project Timeline /4 years/

BFS based SADBFS based SAD modellingmodelling



Project Timeline / 2006 /Project Timeline / 2006 /



Financing IssuesFinancing Issues
Statement of  

 
Joint Institute for Nuclear Research (JINR)  

on the scientific working programme of the Sub-critical Assembly Dubna (SAD) 
project, in close co-operation with the Domain DM2 ECATS activities of the 
European sponsored integrated project EUROTRANS.  
 
During the 4th SAD / YALINA Steering Committee Meeting dated September 15-16, 
2005 in Dubna Russian Federation, JINR representatives discussed with
representatives of the EUROTRANS project (EUROpean Research Programme for the
TRANSmutation of High Level Nuclear W aste in an Accelerator Driven System) the
working programme of SAD facility in relation to the Domain DM2 ECATS (Experimental 
activities on the Coupling of an Accelerator, a spallation Target and a Sub-critical 
blanket) of the EUROTRANS project.  
 
Domain DM2 ECATS aims to provide validated experimental input from relevant 
experiments at sufficient core power to get feedback effects related to the coupling of an
accelerator, a spallation target and a sub-critical blanket in order to assist the design of 
XT-ADS (eXperimental facility demonstrating the technical feasibility of Transmutation in
an Accelerator Driven System) and EFIT (European Facility for Industrial
Transmutation). These experiments shall also provide design input on the dynamics /
kinetic behaviour, on experimental techniques for such a coupled system with feedback
effects. Biological shielding, safety and licensing are important issues of this project.  
 
The JINR representatives agree to make a commitment to extend the present SAD
project in order to support the needs of the EUROTRANS project, especially the
validation of: sub-criticality management, assessment and control of experimental 
methods, start-up / operational / shut-down procedures, shielding, and generic dynamic
behaviour of an ADS in a wide range of sub-critical levels. The planned Russian 
experiment SAD will be performed to meet the agreed EUROTRANS requirements of 
~30 kW  reactor core power, and especially of W ork Package W P2.3 of Domain
DM2 ECATS.  
 
The W orking Programme of SAD, its Time Schedule and Budget over the full duration of 
DM2 ECATS (ending March 2009) was discussed and committed by the JINR 
representatives. The JINR representatives are committed to get the associated
accelerator fully operational again in due time prior to start-up operation of the SAD 
facility in 2006.  
The JINR representatives agree to exchange scientific-technical staff (especially 
Masters, PhD, and Post Doctoral students) with the EUROTRANS partners so as to use
this unique opportunity of co-operation of human resource and training tools.  
 
The JINR representatives presented the SAD project (working programme, time 
schedule) during the 2nd ECATS Meeting in Brussels dated to 20.04.2005. The 
estimated realisation time is 4 years. First protons on a spallation target are planned to 
be at the end of 2009. The design operation time of SAD is 10.000 hours at nominal 



Financing Issues #2267 ExtensionFinancing Issues #2267 Extension
10. Financial Information

Estimated Aggregated (or for the Institute) Expenditures by Recipient

Category I & II      Quarters 1 st     Year 2 nd    Year 3 rd     Year Total
(1) (2) (1) (2) (1) (2) (1) (2) (1) (2)

Grant Payments:
Category - I 0,00 80000,00 0,00 326734,00 0,00 0,00 0,00 0,00 0,00 326734,00
Category - II 0,00 93000,00 0,00 153300,00 0,00 0,00 0,00 0,00 0,00 153300,00
Category - III 0,00 4000,00 0,00 20320,00 0,00 0,00 0,00 0,00 0,00 20320,00
Category - IV 0,00 10000,00 0,00 56240,00 0,00 0,00 0,00 0,00 0,00 56240,00

       Total Grant Payments 0,00 187000,00 0,00 556594,00 0,00 0,00 0,00 0,00 0,00 556594,00
Equipment:

.1 Capital Equipment 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

.2 Non-Capital Equipment 0,00 9000,00 0,00 31006,00 0,00 0,00 0,00 0,00 0,00 31006,00

.3 Other 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
         Total  Equipment 0,00 9000,00 0,00 31006,00 0,00 0,00 0,00 0,00 0,00 31006,00
Materials/Supplies

.1 Materials/Supplies 0,00 0,00 0,00 30000,00 0,00 0,00 0,00 0,00 0,00 30000,00
         Total Materials 0,00 0,00 0,00 30000,00 0,00 0,00 0,00 0,00 0,00 30000,00

Bank Fees 0,00 0,00 0,00 8400,00 0,00 0,00 0,00 0,00 0,00 8400,00
Other Direct Costs:

.1 Technological Energy 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

.2 Communications 0,00 0,00 0,00 4000,00 0,00 0,00 0,00 0,00 0,00 4000,00

.3 Subcontracts/Seminars 0,00 0,00 0,00 110000,00 0,00 0,00 0,00 0,00 0,00 110000,00

.4 Other 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
          Total ODC 0,00 0,00 0,00 114000,00 0,00 0,00 0,00 0,00 0,00 114000,00

 Travel
Internal        *** 0,00 0,00 0,00 5000,00 0,00 0,00 0,00 0,00 0,00 5000,00
Outside CIS 0,00 0,00 0,00 15000,00 0,00 0,00 0,00 0,00 0,00 15000,00

Total Travel 0,00 0,00 0,00 20000,00 0,00 0,00 0,00 0,00 0,00 20000,00
Overhead/Retainage 0 0 0 0 0 0 0 0 40000,00 0,00
         Total 0,00 196000,00 0,00 760000,00 0,00 0,00 0,00 0,00 40000,00 760000,00

Grand Totals

Remarks: * (1) - Cash flow through Recipient Account
            ** (2) - Cash flow through ISTC

*** - Include Local and inside CIS travel

800000,00196000,00 760000,00 0,00 0,00



DM2 DM2 WORKPLAN : SUMMARYWORKPLAN : SUMMARY
WP2.1 : Qualification of sub-criticality monitoring and of 

the core power/beam current relationship
WP2.2 : Validation of the generic dynamic behavior of 

an ADS in a wide range of sub-criticality levels and 
with consideration of thermal feedback effects

WP2.3 : Spallation target and fast subcritical core 
coupling : Physics, Safety, Design and Construction

WP2.4 : Evaluation of licensing and commissioning
aspects deduced from SAD, RACE and YALINA in 
view of the XT-ADS necessities

Financing Issues SAD in EUROTRANSFinancing Issues SAD in EUROTRANS



Financing Issues SAD in EUROTRANSFinancing Issues SAD in EUROTRANS

Task2.3.1 : SAD Programme Assessment by European partners of ECATS

Milestones : 
M2.14 Positive approval and funding of the follow-up project of ISTC #2267 (April 
2006). If this Milestone is not reached and if no positive approval is expected up to July 
2006, the engagement of ECATS in the SAD project will be immediately stopped 
M2.15  Delivery of the SAD safety report to the DM2 ECATS Co-ordinator
M2.16 Positive written approval of funding scheme for SAD by JINR (date : April 
2006). If this Milestone is not reached and if no positive approval is expected up to July 
2006, the engagement of ECATS in the SAD project will be immediately stopped
M2.17 If the partners of ECATS cannot positively approve the three Milestones 
M2.12 to M2.14, then the Governing Council has to decide whether the SAD related 
activities are finally stopped and the budget allocated for SAD activities should be 
foreseen for other activities

DOMAIN 2
Full Title : Experiment on the Coupling of an Accelerator, a spallation 
Target and a Sub-critical blanket (ECATS)



Financing Issues JINR activityFinancing Issues JINR activity
SAD project will be reported at Scientific-Technical Council 
#3 of RosAtom

SAD project was included into the JINR Roadmap on Nuclear 
Physics
RF Ministry on Science and Education is supporting projects 
with large volume of building construction and modernization. 
Total volume of investments for all Russian organizations is 
on the level of 85 billion rubles  (3 billion $). JINR request for 
SAD amounts 100 Mrubles – all SAD building construction 
costs. Working documentation for zero level is ready so in 
case of success JINR could start building construction in 2006. 


