)N usage of Russian
1 reactor fuel types
DSRF designin Vinca

Milan PesSi¢

pesic@vinca.rs

Jrade, Serbia

Institute of Nuclear Sciences



| ntroduction

ADSRF Project, based on:
* TESLA Accelerator Installation (TAI)
» Research Reactors Experience

Re_qw rements for asmall ADSRF
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Background of the ADS Proposal

= EX’Yu/Serbialaw: NO to nuclear power in 1989/94

= Economy reasons - no HL radioactive waste

= [Future - possible nuclear option?

= New nuclear inherent safe technologies

= |dea: low flux ADSRF intheVinca

= Goal: Conceptual Designin 3 years, to Get-in & Stay-in
Modern Nuclear Reactor Trends

= Small ADS RF supposed to be used for basic and applied
research in nuclear and reactor physics, dosimetry and

radiation protection, metrology, radiation biology, new
technologies, nuclear data and codes validation

EU ResearchinfoEvent, Beg, 2009June29 3
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TESLA Accelerator Layout

ADSRF multipurpose facility for production, acceleration and use of ions
start in 1992, Vincadesign with JINR & CERN

protons. max. /5 Me\
deuterons: max. 65 M
VINCY: end ?

Figure 1.Scheme of the TESLA Accelerator Installation: VINCY Cyclotron, mVINIS lon Seurce, pVINIS Ion Source, L1 - channel for physics of multiply
charged ions, L2 - channel for surface physics, L3A - channel for modification of materials, L.3B - channel for analysis of materials, H1 - channel

for nuclear spectroscopy, H2 - channel for heavy ion nuclear reactions, H3A - channel for physics of thin crystals, H3B - channel for radiation

research, H4 - channel for production of radioisotopes, H5A - channel for proton therapy, and H5B - channel for neutron research.
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Target Task in Project

= Beam with low E, no spallation neutron source =

= Choose and design an optimal target for neutron yield and
spectrum for beam p or d

SRNA (p) SHIELDHI (p or d) MCNPX 2.4.0 (p or d)
d, p and n data: ENDF/B-V1.8/V1l (and LA-150)
-sect measurements at TESLA H5B channel

19 estimation: 15% - 30% n/(p or d) 75 MeV in thick targets
Be, Li, Pb, W, Bi, U, Th, Bi-Pb) =

EU ResearchinfoEvent, Beg, 2009June29 6
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Target task:
p + Target

Spectrum [1/MeV]

E (p/d) max 75 MeV,
no spallation, but
> 95% E, <20 MeV
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W ——— Pb Target, yield = 18.8%

g 10 U-nat Target, Yield = 29.2%

g 1 Be Target, yield =8.7%
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2 SHIELD code, protons 75 MeV
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neutron yield for 75 MeV p at Ph:
(SHIELD, LCS2.7, MCNPX2.4.0)
(0.19 £ 0.04) neutron per proton
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Experience from Vinéa Research Reactors

After 2002, no fresh HEU (80%) at Vinca

grmm

_—

_  alurninum star

8§ === RB reactor, 1958 - ,
criticality benchmarks, i
Coupled F-T Core: HERBE |-
sub-critical experiments Ty

fuel lengih

RA reactor, 6.5 MW,
D,O moderated/cooled
1959 - 1984/2002 Decomm

Codes:

SCALE4 .43,

MCNP5, etc.
= VMCCSIib.

TVR-Sfud:
| 2% meta U or
80% UQ, in Al

Institute of Muclear Gai
] =



ADSRF-H: a concept of ADS RF with
HEU (80%) TVR-S Fuel

NFA =nTVR-S
(n=60r7),

LN AHTN MAR = axial Pb
HI H H i m I| LI reflector, height

T
o ) L i Sfuel elements:
& M | M ~osee e

] \I\I ] (6FA + 2 AR)

K =0.9865
1,=91.5ps

RN = 0.986 £ 0.001, 1, 00= S WA = max: P /0y=7.4/2.3 (10 cm=s?)
-=¥tes G thermal 95%, Neutron Flux: fast (> 0.465 eV), Max. Power = few ( ~5) kW

EU ResearchinfoEvent, Beg, 2009June29 9




ADSRF-L: a concept of ADS RF with
LEU (19.7%) TVR-S Fuel

Proton 75 MeV
Beam

ADSRF-L7:
(7FA + 1 AR)
K = 0.9760
l,=82.8 us

TVR-S Fuel assemblies

ADSRF-L6:
(6FA + 2 AR)
K =0.9677
|, = 88.6 s

_AIarget
SS wal
Lead matri

ke — 0.976 £ 0.001, |,50,= 5 HA = max: D/, =5.8/2.0 (10 cm=s?)
Ste8 Gl thermal 95%, Neutron Flux: fast (> 0.465 eV), Max. Power = few ( ~3) kW
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Neutron Spectrum in ADSRF with TVR-s

ADSRF-H6

ADSRF-L7
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Core behind target
———— Core-reflector edge
——— Under target
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New Approach: * fﬁ“
MR 6 LEU Fue |
- :
MR 6 type, 19.7% enriched UO, % I
10° : . | %
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ADSRF with MR 6 dé5Mev 1

(19.7 %

p /5 MeV or
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MCNP5 code:

= k= (0.958 +
0.001)
SPectrum:
SDEF from
VICNPX for
P /SMeV @
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Comparison

Fuel type TWVE-3 UOs in Al MR 6 UCs in Al
Enrichment HETT 80 % LET 19.7 % LEU 19.7 %
m (“"TNFE [g] 73 77 450

#F 4 [ #FE Hé: 977579 | L7 97 /676 g
Lattice patch [mim] 5.0 5.0 1710
(=TT i1 [gig] 451 56 46§ 234 945 [ 47
specttum f Fizs type | Fastf Thermal | Fast/ Thermal | Fast/ Thermal
Flexibility High High Lowr

max Tr(=0465eV) | 7410 co™s™ | 58 107 oo s | 4.8 107 e 5™
max T (20465 V) | 2310 e s | 2.0 107 co®s™ | 1.1 107 em“s™
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Vinéa ADS References

= Conferences:

Q

| TEP 1999, M oscow | CENES 2000, Petten;

O YUNSC 2000 & YUNSC 2002, Belgrade;
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0 GLOBAL 2001, Paris;
o 7" TESLA workshop, 2001 Belgrade;
o NDST 2001, Tsukuba; PHY SOR 2002, Seoul;
0 48h ETRAN Conf. 2004, Catak; RERTR 2005, Boston;
- 0 ECPM 2005, Belgrade; AccApp 2005, Venice,
0 GLOBALZ2005, Tsukuba; IAEA TM on LEU in ADS, Vienna, 2006
0 RRFM2007, Lyon; ETRAN 2008, Palic;
Journals:
O NT&RP, Val. XVI, No. 1, pp. 34-38 (2001)
O NIM-A, Vol. 562, Issue 2, pp. 642-645 (2006)

a

VincaADS web site:

www.vin.bg.ac.yu/150/ADS english.htm
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Conclusion

= National experience and Vinca experimenta (RB, TAI ?)
and computational infrastructure are demonstrated at study
of low power ADS RF at the Vinc¢a Institute with Russian
HEU/LEU TVR-S and MR-6 fuel elementsin H,O and Pb
matrix driven by p/d beam from TAI

= Codes & libss MCNPX/MCNP5, SHIELD, SCALES,
| VMCCS

H5B ADSREF isincluded into lAEA CRP Benchmarks for
LEU ADS (2006-2009).
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Thank you for
your attention
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