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SA D Project Objectives

Coupling all major components of ADS:

energy neutrons;
Experiments on core neutronics, reactivity

feedbacks, transmutation reaction rates
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SAD Technical Description
(participating organizations)
ISHRCPO) CCUF 22 AWASISTATLEURATAN OVAZAN) S
JINR - leading organization, scientific supervisor;

GSPI - the eral des

)—
~

Lk.

er;

QL

NIKIET - subcritical blanket and target designer;
VNIINM - the developer of a fuel elemen

IA “Mayak” - manufacturer of the fuel;

About 180 people at present are working on project
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SAD Technical Description
(foreign collaborators)

Forschungszentrum Karlsruhe - FZK, Institut fur
Reaktorsicherheit, Dr. Cornelis Broeders;

Kungliga Tekniska Hogskolan - K'TH, Nuclear and
Reactor Physics, Dr. Waclaw lowsKki;

Centro de Investigaciones Energéticas
Medioambientales y Technologies - CIEMAT , Dr.
Enrique Miguel Gonzalez Romero;

tomigue = CEA., Cadar

Commissariat a I'Energie Atomiq \,
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basic Data
K ~0.95
Huel loading <420 kg
Hission power: 27,6/ kW
Cooling Al
Corc
Coolant floyw rate; G ~1),6 kg/s
velocitys v 10 my/s
Presure; P(inlet) 0:12-0135 ViPa
Temperature, 1T (inlet; outiet) S50/96)°C
Target (Ph)
Coolant flow rate; G ~0.0067 kg/s
Velocitys v S0'my/s
Pressure; P (inlet) 0:12-0135' MPa
Temperature, 1T (inlet; outlet) SU/A25°C
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Subcritical Blanket/calculations

Number of cells for FAs 1417
Number of loaded FAs 134

Nurnber of loacded Pb prisrns 7

-/

fuel loading (UO,-Pu0O,) 396,9 kg

density of fuel 10,2 glem?

PuO, content in fuel 29,5 % (w.) ‘,
U enrichment 0,7 % (**°U)
Height of fuel 58 cm
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Channel 4, >=1,469E+12 nlcm™s
Channel 5, >=1,145E+12 nlcm’*s
Channel 6, 2=8,956E+11 n/cm’*s E

(/)]
X
&
(&)
—
c
>
e
(1)}
c
O 9
T 10k .
>
=
o
c
o
| S
i
=
((})
2

2

1011

10k :

Energy, MeV

3-d SAD/YALINA Steering Committee meeting, Dubna, June 27-28 2005



Subcritical Blanket/ neutronics

Calculated K_ 0.9515

Neutron lifetime 2.4-10° s

Fission power 27.6 KW

Averaged neutron flux 1.7-10'2 1/(cm?-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 7711W
Pu decay ~250 W

Fuel
Max power density 18 W/icm*
Max flux of fast neutrons (E> 0,1 MeV) 2.4-1072 1/(cm?2-s)
Max fluence of fast neutrons 8.0-101° 1/cm?2
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Top cover

Exp. Chan.

Lead Target

Lower support frame

Target cooling

Lower reflector
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Target/design

ILead Prisms

Alr Channels

Beam Input
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Target/meutronics

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 1.143.10'% n/s
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Phasotron Accelerator

Charged particles accelerated

Protons

Accelerator Type (linac, circular)

Circular (Phasotron)

Main accelerator sections and type of structures 180degree Dee
Source type Internal, PIG type
Source Extraction voltage Dee RF Voltage, 40kV

RF system (amplifier characteristics)

Autogenerator,18.6-14.4MHz,
300kW

Magnet system (type, size, rigidity, homogeneity)

H-type, 6m pole diameter,
4spiral magnetic field
1.2T(r=0m) 1.63T(r=2.7m)
average field, 0.3T(r=2.7m) 4™
harmonic

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 Characteristics

RF structure (RF frequency, phase
width)

14.4MHz, 50degree

Macro pulse structure (filling of RF
pulses)

250Hz rate, 20 mks FWHM

Long duration Beam Pulse

(1)
characteristics (duty cycle, ...) 0.5%duty
Final beam energy 659MeV
Beam energy spread and stability 3.1MeV

Final beam intensity
(average, peak)

3.2 mkA average, about 1mA peak

Beam intensity stability

About 2%

Beam emittance at the high energy end

S.1pi*cm*mrad (horizontal),
3.4pi*cm*mrad (vertical)

Possibility to shorten the pulse width down to 1
mks is under investigation
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Phasotron Accelertor
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Initial data for SAD FL design

Operating Conditions Processing Requirements for Fuel
Element
Maximum Dose for Constructional
Materials of Fuel Element — 0.25 dpa. * Uranium and Plutonium Feed
Fuel Maximum Burn up — 0.1 % h.a. Powders, which are used for BN-

Maximum Linear Power of Fuel 600 MOX Fuel Fabrication.
Element — 0.275 kW/sm. * Constructional Materials of

Maximum Temperature of Fuel Standard BN-600 Fuel Elements.

Element Cladding - 150°C. * MOX Fuel Pellets Fabrication at
“MAYAK”.

* Fuel Element Fabrication at

Core Coolant - Dry, Dust-free Air.

Maximum Coolant Temperature at

Core Output - 125°C. “MAYAK”.
Fixed Resource of Fuel Element for ' ‘l:“uel Elem?’nt Quality Control by
Operation of Installation at Nominal MAYAK?” Control Procedures and

Power (27 kW) — 10000 h. Equipment.
* Components Fabrication at MSZ

JSC.

Fixed Core Lifetime of Fuel Element -
10 years.
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Fuel pellet

Mass share of U and Pu sum , %, not less 87.6
239Py conditional mass in Pu dioxide, %. not less 95.0
235 conditional mass in U dioxide, % not more 0.7
Pu conditional mass share to U and Pu sum, % 30.0+£0.3
Oxygen ratio 1.98
Density, g/sm? 10.4+0.2

Impurities mass share, %, not more

Aluminium 0.02
Calcium 0.02
Magnesium 0.02
Iron 0.03
Silicon 0.02
Nickel 0.02
Chromium 0.02
Nitrogen 0.01
Carbon 0.01
Fluorine + Chlorine 0.005
Grain size, um, not more 70
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Pellets parameters control

75*'*1 J‘f“ P A, A B A

s A=
1’\ :-M 3 -. ..
r ‘ :
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Pu distribution homogeneity study,

o-radiography

Pu zones less
than 100
mkm in
diameter

Pu zones area less
than 10% of
microsection area

No Pu zones observed here
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Grain and pore dimensions

Microscopy

study of the

microsections
‘processed in HNO;

and HF ac1ds

Pores diameter < 100

mkm and area less
than 10% of

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

Blanket

Vert.
magnets
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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 retaining wall necessary to

dismount, m® 350
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Project Status

Technical project of the subcritical blanket: completed:

Technical project of the fuel element: completed;

ets manufacturing technology: developed;

) ~ == = =

Preproduction batch of the fuel pellets: manufactured;

eneral engineering project: completed;

Licensing started some project documents already
approved by Rostechnadzor (former
Gosatomnadzor)
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Project Timeline/licensing, blanket/

HassaHune

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

20086 2007 2008 2009
K2 K3 K4 K1 K2 K3 K4 K1 K2 K3 K4 K1 K2 K3 K4 K1 K2 K3

—o%

By,
L Ho%
E==0,
H0%
0%
U 0%
ey
w
29.08
0%

0%
0%

BF'S based SAD modelling

0%
0%
L 0o
0%
0%
0%
0%
Fo%
0%
I 0%
g,

E|0%
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Project Timeline /building/

HaseaHue

Documents preparation
Licenses on facility allocation and creation

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

Working design (building drawings)
Working design (equipment assembling)
Tender on building construction
Building consruction

Geophysical investigation of the soil to be
excavated

Excavation, existing constructions
dismantling

Geological engineering and geodesic
survey

Foundation building

Building construction
Working design of the special crane
Manufacturing of the special crane

Special crane assembling and putting into
operation
Equipment assembling in concrete bulk

Finishing of the construction works
Diking restoring
Rough finishing
Fine finishing
Land improvement
'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 | 2006 2007 | 2008 2009
K1 K2 K3 K4 | K1 K2 K3 K4 K1 K2 K3 K1 K2 K3 K4 K1 | K2 K3
0%
0%
0%
L HOY%
L ] 0%
z
tl 0%
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B 0%
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0%
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Project Timeline /KA production line/

HassaHune

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
K3 K4 K1 K2 K3 K4 K1 K2 K3 K4 K1 K2 K3 K4 K1 K2 K3
0%
’ 29.08
0%
0%
— 0%
— 0%

ChHoos
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0%
E:H]%&I
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— 0%
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0%
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HaseaHwe

Documents preparation

Licenses on facility allocation and creation

Subcritical assembly, optional equipment for 0%
shielding and primary coolant circuit
Facility building 0%

FA production line — 0%

Fuel 0%

Pellets fabrication r 0%

FE working design 0%
Component parts manufacturing 0%

Cladding tube manufacturing 0%
Cladding tube delivery to Mayak 0%

FE production 0%
FE acceptance and certification 4

Design and manufacturing of FE transport
containers

FE delivery to JINR
FA components manufacturing
FA production

Core assembling

Beam line 0%
Physical security

Automatic control system

FE tightness control

Staff recruitment and training

Development of the scientific experimental
program
Physical startup

Comissioning
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Project Timeline /beam line & phys. sec.

HassaHne

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

2005
K1

K2

2006 2007 2008 2009
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%

0%

0%




.% HassaHue
J

' Documents preparation
: Licenses on facility allocation and creation

f Subcritical assembly, optional equipment for

shielding and primary coolant circuit

Facility building

'FA production line

Fuel

'Beam line

; Physical security

1 Automatic control system

| Conceptual specification development
Tender participants selection

| Tender, conclusion of a contract

- Requirements specification

. Design work

|

Equipment manufacturing and delivery

Equipment assembling
Balancing and commissioning

I
|
|
1
]
|
!
!
|
1

Commissioning
j FE tightness control
 Staff recruitment and training

 Development of the scientific experimental
program

' Requirement specifications on experimental
channels (EC)

EC technical project

EC working design
i EC equipment manufacturing

,_ EC equipment assembling, balancing and
i comissioning
i Development of the experimental program

Physical startup
 Comissioning

0%

%

g%
0%

I 0%

bg%
0%
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5A working design
Havanc  J0.08.05 Mg: 11

Tender on manufacturing

Harsann: Oloeos Hg: 12

Manufacturing of the equipment

Hesano: 241006 Mg: 13

Procurement

Hauano:  2509.07 Ha: 14

Ounidasse: 310706 o, 12 Mo
Pecyp

Owcersanie: 23, 00,05 Anar.: 3 mec

W:

Oxoarsaiie: 209,07 Jnnr.: 12 mec

Cecianme 221007 [imer.: I sec

P.ﬂt:

Perypc:

- - Excavation, existing constructions: - -
DG Hadange: | DGOGOT WA 10D

Hanu. Eaffﬂres .........
coc Wadanic: | DB.DSOT MEC R

e e
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Equipment assembling in concrete

> Herazini: 231007 Hap: 31

Harszinn: 150108 Hg: 32

Diking restoring

Havam: 080408 Ma: 33

Rough finishing

Harszinn: 050508 Mg 3

.| Finishing of the construction works

= 1

Owoaraiine: 14.00.08  fnur: 3 mec Owcesganne: 07.04.08  Qnar.: 3 e o Cwpirasiiee: 050508 Maers | mec Owcesganne: 280708 Drwr.: 3 Mo
Fecype: Pecyec: Fecypc:
Landimprovement
Haspi:: - QB0400 Ma-: 26 @000
Do Cetoeeanni: 3000609 Deer.cdmec 000
Cvegeer oo
Equipment assembling Balancing and commissioning Equipment training
Hasano: 29.07.08 Mao.: &3 o Hauano: 21.10.08 Wp.: 84 o Hauano: 13.01.09 Mp.: &5

Cwonqatee: 20,010,038 OawT.: 3 mec

Pecypc:

Owokuanwe: 12,0108 Oner.: 3 Mec

PecE:

OwoHuaHme: 09,02.09 Onwr.: 20 grHed

/ Commissioning
. [Oata sexw: Br 10.02.09
MasHmndmkatop: 86
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Cost assessment
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