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Committee of Plenipotentiaries

Scientific Council

PAC for Particle Physics

PAC for Nuclear Physics

PAC for Condensed

Matter Physics

Finance Committee

Scientific-Technical Council

7 Laboratories & 1 Division

University Centre

— Office of Administration
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SAD Project Objectives

Coupling all major components of ADS;

Issessment, licensing;

(@)
(@)
qh
(@)
@)

Q)H

Core design, safety

K. control and monitoring;

W)

Shielding from high energy neutrons;

Experiments on core neutronics, reactivity

feedbacks, transmutation reaction rates
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SAD Technical Description
(participating organizations)
ISIFC ot #2267 Wels szl rige) el Ny 2008
JINR - leading organization, scientific supervisor;
GSPI - the general designer;
NIKIET — subcritical blanket and target designer;
VNIINM - the developer of a fuel element;

A “Mayak” - manufacturer of the fuel;
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SAD Technical Description
(foreign collaborators)

Forschungszentrum Karlsruhe - FZK, Institut fr
Reaktorsicherheit, Dr. Cornelis Broeders;
rungliga Tekniska Hegskolan - KTH, Nuclear and
Reactor Pnysics, Dr. Waclaw Gudowski;

Centro de Investigaciones Energ-ticas
Medioambientales y Technologies - CIEMAT , Dr.

Enrique Miguel Gonzalez Romero;
Commissariat a I'Energie Atomique - CEA, Cada

, \rac
Dr. Frederic Mellier:

O 9
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K eff
Fuel loading

Fission power
Cooling

@0) (<

Coolant flow rate, G
velocity, v

Presure, P (inlet)
Temperature, T (inlet, outlet)
lrarget (Po)

Coolant flow rate, G
Velocity, v

Pressure, P (inlet)

Temperature, T (inlet, outlet)

~0,95
<420 kg
27,6 KW
air

~ 0,6 kg/s
10 m/s
0,12-0,135 M Pa

50/96 C

~0,0067 kg/s
50 m/s
0,12-0,135 MPa

50/125 «C




Subcritical Blanket/calculations
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Supcritical Blank

Channel 4, S=1,469E+12 n/cm *s
Channel 5, S=1,145E+12 n/cm *s
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Subcritical Blanket/ neutronics

Calculated K 0.9515

Neutron lifetime 24-10°s

Fission power 27.6 kW
Averaged neutron flux 1.7-1012 1/(* m2-s)

Peak factor of heat generation (height) 1.21
Heat generation in SAD parts:

Fuel 25.96 kW
Target (neutron and photon from fissions) 97.3 W
Core cladding 204.3 W
Side Pb reflector 565.4 W
B,C 204.6 W
Concrete 771.1W
Pu decay ~250 W

Fuel
Max power density 18 W/cm?3
Max flux of fast neutrons (+ >0,1 MeV) 2.4-1012 1/(cm2s)
Max fluence of fast neutrons 8.0-101 1/cm?2
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Top cover

Exp. Chan.

Lead Target

L ower support frame

Target cooling

Lower reflector
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Cooling System
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Target/aesign

|

Alr Channéls
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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 1.143X101% n/s
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Phasotron Accelerator

Charged particlesaccelerated

Protons

Accelerator Type (linac, circular)

Circular (Phasotron)

Main accelerator sectionsand type of structures

180degree Dee

Sour cetype

Internal, PIG type

Sour ce Extraction voltage

Dee RF Voltage,40kV

RF system (amplifier characteristics)

Autogenerator,18.6-14.4AMHz,
300kW

Magnet system (type, size, rigidity, homogeneity)

H-type, 6m pole diameter,
4spiral magnetic field
1.2T(r=0m) 1.63T(r=2.7m)
averagefield, 0.3T(r=2.7m) 4t
har monic

Magnet Power Supply characteristics
(current, stability, ramping, ...)

4000A, 0.05% stability

Total Power consumption

700kW

Cooling System

Distilled water cooling
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Phasotron Accelerator

Beam Char acteristics

RF structure (RF frequency, phase
width)

14.AMHz, 50degree

Macro pulse structure (filling of RF
pulses)

250Hz rate, 20 mks FWHM

L ong duration Beam Pulse

0
characteristics (duty cycle, ...) ey
Final beam energy 659M eV
Beam energy spread and stability 3.1MeV

Final beam intensity
(average, peak)

3.2 mKA average, about ImA peak

Beam intensity stability

About 2%

Beam emittance at the high energy end

5.1pi*cm*mrad (horizontal),
3.4pi*cm*mrad (vertical)
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Phasotron Accelerator
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Initial data for SAD FE design

Oper ating Conditions Processing Requirementsfor Fud
Element

Maximum Dose for Constructional
Materialsof Fuel Element —0.25 dpa. “ Uranium and Plutonium Feed

Fuel Maximum Burn up — 0.1 % h.a. Powders, which are used for BN-

M aximum Linear Power of Fuel 600 MOX Fuel Fabrication.
Element —0.275 kW /sm. * Constructional M aterials of

M aximum Temperature of Fuel Standard BN-600 Fuel Elements.

Element Cladding - 150°e . * MOX Fuel Pellets Fabrication at

Core Coolant - Dry, Dust-free Air. “MAYAK".

Maximum Coolant Temperature at ; "‘:Ud Elern?nt Fabrication at
Core Output - 125° . MAYAK™.

Fixed Resour ce of Fuel Element for * Fuel Element Quality Control by
Operation of Installation at Nominal MAYAK" Control Proceduresand

Power (27 kW) — 10000 h. Equipment.

Fixed Core Lifetime of Fuel Element - + Components Fabrication at MSZ
10 years. JSC.
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Fuel pellet

Mass shareof U and Pusum , %, not less 87.6

239Puy conditional massin Pu dioxide, %, not less 95.0

235 conditional massin U dioxide, % not more 0.7

Pu conditional mass shareto U and Pu sum, % 30.040.3

Oxygen ratio 1.98 .

Density, g/sm? 10.4+0.2 ad 025
| mpuritiesmass share, %, not more ~ - "2 packy
Aluminium 0.02

Calcium 0.02 -,
M agnesium 0.02 A
Iron 0.03 e Y
Silicon 0.02

Nickel 0.02 8.10 -
Chromium 0.02

Nitrogen 0.01

Carbon 0.01

Fluorine + Chlorine 0.005

Grain size, um, not more 70
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Pu distribution homogeneity study

a-radiography

Pu zones less
than 100
mkm In
diameter

Pu zones area less
than 10% of
MICr 0Section ar ea

No Pu zones observed here
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Nd por e dimensions

A : VI ICr oscopy
2 GV R e B Ve study of the
B P R micr osections
. «Sprocessed in HNO,
' | and HF acids

Poresdiameter < 100
% mkmand arealess
than 10% of

Grain diameter should be < 50 microsection area
mkm (20-25 for that sample)




Blanket
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Parameter Value

Site area, m* 350
Total area, m” 950
Building volume, m” 8300
Bulk concrete volume, m® 1900
Steel shielding, ton 290
Bulk heavy concrete volume, m” 25
Soil shielding volume, m® 2000
Excavated soil volume, m® 4000
Concrete retalnlng wall necessary to

dismount, m° 350
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% Fudl pellets manufacturing technology: developed;

“+ Preproduction batch of the fuel pellets: manufactured;

%+ General engineering project: completed;
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Project Timéeineg/licensing, blanket/

HaseaHue

Documents preparation
Quality program development
Technical project
Safety assessment

Development and justification of the physical
startup program
Instruction on nuclear safety for FE and FA

Conclusion from the nuclear safety department
of Rostechnadzor
Development of the operation licence

Licenses on facility allocation and creation

Subcritical assembly, optional equipment for
shielding and primary coolant circuit
SA working design

Tender on manufacturing
Manufacturing of the equipment
Procurement

Equipment assembling
Balancing and comissioning

Acceptance evaluation, licensing, certification

Facility building

FA production line

Fuel

Beam line

Physical security
Automatic control system
FE tightness control

Staff recruitment and training

Development of the scientific experimental
program
Physical startup

Comissioning

2005

K1

2006 2007 2008 2009
K2 K3 K4 K1 K2 K3 K4 K1 K2 K3 K4 K1 K2 K3 K4 K1 K2 K3
0%
B
EEEEER 00
B0
H0%
0%
0 0%
(BB AL LY
NE
0%
0%
0%
0%
—
0%
0%
0%
0%
0%
H0%
0%
I 0%
g,

E|O%
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Proj ect ng/

HazsaHwe | 2005 2008 2007

[ 2008
| [ k1 | K2 | K3 | K4 K1 | ez | k3 | K4 | K1 K2 | k3 | k4 [ k1 [ ez | K3 [ K4 [ K1 [ K2 [ K3

| Decuments preparation [
| Licenaes or Faciity sllosation and creaticn

| Subcritical assembly, optional aquipmant for [
| ahielding and primary coslant cireuit [

| Facility building
| Warking design (buiding drasings)

Warking design (equipment assamiling)

| Tender on building canstruction |
| Building consruction |

Gapphyscal investigation of the soil to b
emtavaled

Ewcavation, existing consiructians |
dismanting [
Geplogical engineering and geodesic |
LMy :
Froundation tuikding |

Building constniction
Werking dasign of the special crane
[ Manufackuring of the special crane [

Special crane assemnbling and pulting inta |
- operation -
Equpmant assambling in concrate bulk

Finishing of the constnichion works |

Diking restaring

Rough Fnishirg j

- Fine finishing -
Land improvement

| FA production line .

| Fuel

| Beam line

| Physical security

| Autamatic control system

: FE tightness conlrol | L

| Etaff recruilment and raning | L

| Davelopment of the scientific experimental :

| program -

| Phiysical starup -

Camissaning : 0%

0%




Project Timeline/FA production line/

HasgaHue

Documents preparation
Licenses on facility allocation and creation

Subcritical assembly, optional equipment for
shielding and primary coolant circuit
Facility building

FA production line
FE storage room equipping
Calculation of the critical masses

Recuirement specifications on equipment

Technical project
Equipment manufacturing
Construction and assembling work
Design work on containers
Containers manufacturing
FA production line creation

FE and FA imitators manufacturing
Designof the production line
Conctruction and assembling work
Putting into operation
FA technology developing

Fuel

Beam line

Physical security

Automatic control system

FE tightness control

Staff recruitment and training

Development of the scientific experimental
program
Physical startup

Comissioning

2005
K1

2006 2007 2008 2009
K2 K3 K4 K1 K2 K3 K4 K1 K2 K3 K4 K1 K2 K3 K4 K1 K2 K3
0%
’ 29.08
0%
0%
0%

0%

0%
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Project Timeine/fuel elements/

HassaHuve

Documents preparation
Licenses on facility allocation and creation

Subcritical assembly, optional equipment for
shielding and primary coolant circuit
Facility building

FA production line

Fuel
Pellets fabrication
FE working design
Component parts manufacturing
Cladding tube manufacturing
Cladding tube delivery to Mayak
FE production
FE acceptance and certification

Design and manufacturing of FE transport
containers

FE delivery to JINR
FA components manufacturing
FA production
Core assembling
Beam line
Physical security
Automatic control system
FE tightness control
Staff recruitment and training

Development of the scientific experimental
program
Physical startup

Comissioning

2005

K2

2006 2007 2008 2009
K3 K4 K1 K2 K3 K4 K1 K2 K3 K4 K1 K2 K3 K4 K1 K2 K3
0%
‘ 2908
0%
0%
0%
0%
i 1 0%
N
0%
0%

0%
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Project Timeline/beam line & phys. sec./

HassaHune

Documents preparation
Licenses on facility allocation and creation

Subcritical assembly, optional equipment for
shielding and primary coolant circuit
Facility building

FA production line
Fuel
Beam line
Beamline working design
Vertical deflecting magnets manufacturing
Magnetic elements manufacturing
Magnetic elements delivery to JINR
Vertical magnets assembling
Beam line equipment assembling
Beam line balancing and commissiioning
Physical security
Vulnerability estimation
Conceptual specification development
Tender participants selection
Tender, conclusion of a contract
Requirements specification
Technical project
Scetch project
Working design
Equipment manufacturing and delivery
Equipment assembling
Balancing and commissioning
Equipment training
Commissioning
Automatic control system
FE tightness control
Staff recruitment and training

Development of the scientific experimental
program
Physical startup

Comissioning

2007 2008
K4 K1 K2 K3 K4 K1

2009
K1 K2 K3

0%
0%
0%
0%
0%
0%
EE==———
0%
0%
0%
0%
0%

0%

0%




Hasnarpa

| Bocuments preparation [ ; *ﬁ%
| Licanses on faciity allocation and creaticn : ‘. #9.08

: Subcritical assembly, cpticnal equipment Tor
| shielding and primary coolant circuit

| Faciiity buiiding

| Fa production line — 0%

| Fual

| Beam line
| Physical security . P
| Autamatie contral system [ P

Conceplual specification davelapment | [rig
Tender panicipanis salecson [ %
Tendar, conclusan af a cangract

Requirements specification [ o,
Design wark | 0%
Equipment manufactunng and delivery
Equipmeant aszambling [ )

Balancing and commissioning [ ¥

| Commissining 1o
| FE tightness control | [ s
| Staff recruitment and trsning . |

| Development of the scientific experimental
| program ,
| Requirement specficalions on experimental | Chaes

channels [EC} | -
EC technical project - —

B warking design | b}l‘ﬁ
EC eguipment manufaciuring | g»(
EC equipment assembling. balancing and [ 0%
COMISSIBNing |
Devalopmant of he exparimental program [ C I fe
| Physical stariup

0%

: Camissianing | L geg
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C L Oemiuanne: 250007 © fnurs | mec

1 e R R L

58 working design Tender on manufacturing Manufacturing of the equipment Procurement
Hayance  J0.08.05 M- 1L Hesano:  OLE06 Mp: 12 Hesano: 2410006 Wp: 13 Hesana: 250907 Ma: 14
Deotmaese: 310706 Qe 12 sec 7 Owcersine: 2300006 Qnar.: 3 wec Owosraine: 24.00,07  fnur: 17 mec Owotivaine 221007 awr.: 1 s
Payp Pecype: Pecype: Pocppi:
-+ Tender on building consiruction
TR
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Equipment assembling in concrete

> Harsini 231007 HMp: 31

Finishing of the construction work:
Hosano: 150108 Wg: 32

Diking restoring

Hayam: 0B0AOE Ma: 33

Rough finishing

Harsainn: 060508 Ha: 34

Owcorsating: 14.00.08  [lnur.: 3 mec Owcersanne: 0704008 Anar.: 2 mer 1 Omoirasiign: 050508 [net: | sec Owcersanne: 20.07.08  Drsat.: 3 Mo
Fecype: Pecyec: Fecypc Focyec:
Equipment assemblin Balancing and commissionin Equipment trainin R
quip 9 9 9 quip g / Commissioning
Hamamo: 29.07.08 Wp.: 83 - Hauvano: 21.10.08 Wg.: B84 o Havano: 13.01.09 Mg.: B85 -

Ceeonatme: 20,10,08  OnwT.: 3 Mec

FK\[E:

Oworuanme: 12,0108 Onwir.: 3 Mec

Pecﬂ::

OwoHuarmre: 09,02.09 [nwr.: 20 gHedt

OaTa sexw: Br 10.02.09

MasHTndmkaTop: 86
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Cost assessment
Cost In roubles of 2004

Blanket & shielding: 92 Mr

Beamline: 24.23 Mr

Construction works: 93.6 Mr

Equipment for fuel storage: 25.32 Mr

Cooling systems. 16.99 Mr

~uel elementstightness control system: 5.07 Mr
~uel (3000 FE) 41.82 Mr

Physical security system: 40.63 Mr

Radiation control system: 16.84 Mr

TOTAL: 434 Mroubles............... ....
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