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Abstract  

An ambitious European project EURISOL DS (FP7) deals with the design of new generation RIB 

production facility based on ISOL method. The future factory is characterized by a 4 mA proton 

beam of 1 GeV (4 MW power) impinging on a liquid Hg target-converter, which in turn is 

surrounded by a number of small actinide fission targets, each aiming at ~10
15

fissions/s. In this 

context, Monte Carlo simulations using MCNPX version 2.5.0 were performed to optimize the bulk 

shielding of this EURISOL Multi-MW target. Using the obtained neutron flux and energy spectra, 

activation calculations with DCHAIN-SP2001 code were carried out to create an activation map of 

the entire shielding structures. Some quantitative comparisons between DCHAIN-SP2001 and 

CINDER’90 material evolution codes were also performed. Two approaches of the shielding 

activation zoning were assumed for the radioactive wastes study: i) the activity estimates were done 

at the level of a fine annular mesh grid with radius and height of 10 cm (FM approach) and ii) thick 

layers of 100 cm thickness (TL approach) were used to derive the total activity. Finally, the 

classification of the radioactive wastes based on IAEA clearance levels was further elaborated for 

seven decay time periods after target operation shutdown. Comparison of the results obtained for 

the two approximations used is discussed. Using the same procedure, an estimation of the produced 

radioactivity inside the soil surrounding the shield (to be used as source term for the contaminant 

transport) was further derived. 

Estimates of the air activation in the shielding gap were also determined and the obtained 

results are compared and discussed. The results of this study will contribute to the estimates of the 

overall timescale and costs of the EURISOL facility having also a strong impact on the decision and 

strategy to be adopted for the facility dismantling, waste classifications, and their final disposal. 
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1. Introduction. 
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2. Calculation procedure. 
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2.1 Prompt radiation simulations. 

2.1.1 Geometry model.!!
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Figure 1: Calculation model used in simulations: details of the Multi MW target (left) and 

associated shielding concept (right). Also see text for details. 

2.1.2 Simulation technique. !
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2.2 Activation of shielding structures. 
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2.3 Waste management: methodology for classification to non-active material (clearance). 
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2.4 Source term for contaminant transport 
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2.5 Air activation 
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3. Results and discussion. 
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3.1 Prompt radiation transport 

3.1.1 Dose rates and energy deposition. !
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Figure 2: Calculated XZ map profiles in the middle plane of the shielding configuration for the 

neutron dose rate (left) and energy deposition by all transported particles (right) 
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3.1.2 Particle energy spectra 
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Figure 3:  Energy distributions of neutrons, photons and protons obtained from simulations in 

the forward direction: (left) in the stainless steel layer and (right) in first concrete layer. 

Note the difference in scale of the Y axis for both figures. 
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Figure 4: Low energy neutron flux energy distributions obtained in the representative 

locations. Lines: forward direction, points: lateral direction. Also see the legends for 

various shielding materials.   
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3.2 Induced radioactivity in the shielding 

3.2.1 Activation inventory.!!
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Figure 5:  Sspecific activity in the forward locations: (left) dominant radioactive nuclides for 

stainless steel and (right) dominant radioactive contributions for the first concrete layer. 
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3.2.2 Specific activity spatial distribution.!!
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Figure 6: Derived maps of the total specific activity in the middle plane of the shielding 

configuration: (left) at 100 days decay time and (right) at 100 years decay time after the 

shutdown. 

3.3 Waste categories.  
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Figure 7: Derived clearance indexes in the representative locations: (left) for forward 

direction, and (right) for perpendicular direction. 
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Figure 8: Waste categories of materials present in the shielding: activities (left) and masses 

(right). Fine Mesh (FM) tally approximation is shown at the top and the Thick Layer (TL) 

approach is shown at the bottom 
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Figure 9: Comparison of the approaches: (left) specific activity profile in the forward direction 

at 10 years after the facility shut-down, (right) total activity associated to the shielding 

configuration. 
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3.4 Source term for contaminant transport 
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Table 1: Specific activity [Bq cm
-3

] in first 100 cm of soil/ground water surrounding  

the concrete wall after 40 years of continuous irradiation 

Isotope T1/2 Soil Groundwater 
3
H D`#Y!B! 1.62*10

-4
 1.36*10

-4
 

22
Na `#dX!B 1.11*10

-9
 8.43*10

-8
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! `#cDiDX

)DD
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55
Fe `#fY!B! Y#dciDX
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65
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! D#dCiDX

)DX
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Figure 10: Specific activity of relevant radioisotopes in: (left) soil and (right) groundwater after 

40 years of continuous irradiation and as a function of cooling time 
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3.5 Air activation 
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Figure 11: Input data used for estimating the radionuclide yields in the air region: (left) neutron 

spectrum resulted from MCNPX simulation and (right) measured and evaluated excitation 

functions of the radionuclide productions in the air (see the legend) 

Table 2: Radionuclide production rates [# cm
-3

 proton
-1

] obtained in the air region and                         

derived through the two methods employed including their ratio. 
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Figure 12: Specific activity of relevant radioisotopes in the air region vs. time: (left) under 

irradiation and (right) after shut-down. In the figure both results calculated with PHITS (symbols) 

and using the available cross sections data (lines) are given with the same color for comparison. 
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Table 3: Estimates of the produced radioactivity inside the air gap after 125 days of continuous 

irradiation. Dominant radioisotopes and their contributions to the total activity derived 

through the two methods employed are given. 

PHITS 

 

Cross sections 

 
Isotope

 

 V2^W! o! V2^W! o!

PHITS/ 

Cross 

sections 

 
DY
>! C#DdXiDX

DX
! DC#f `#dYfXiDX

DX
DC#d Y#Z!

eD
?0! f#dYfiDX

DX
! Dd#e f#dYdZiDX

DX
Zd#f D#X!

DD
*! Z#XcXiDX

DX
! DX#C D#`ZediDX

f
! lX#D eXeC!

D`
2! Y#cZeiDX

DX
! c#Y! ! ! !

DZ
T! Y#eYXiDX

DX
! f#e! f#e`CCiDX

C
! Z#Z! e#d!

D`
>! `#efDiDX

DX
! Z#Y! ! ! !

f
2&! `#`CZiDX

DX
! e#C! ! ! !

Dd
>! D#cfCiDX

DX
! e#X! D#YfCeiDX

DX
DX#` D#e!

De
T! D#efYiDX

DX
! Y#`! ! ! !

Y
k! D#`fYiDX

DX
! `#f! e#d``fiDX

C
! Y#e! `#c!

De
*! Y#DZfiDX

C
! X#f! `#CZY`iDX

C
! `#`! D#D!

Yf
?0! D#ccfiDX

C
! X#e! D#fDfDiDX

C
! D#Y! D#D!

Total 4.653*10
11

  1.3460*10
11

 3.5 



!

T%&!@+%!@/%@AG.&!F0/Q!I=-6!+%+AB6-6!I=+I!F/0!0+.-/A/O-@+A!6+F&IB!-%!I=&!6=-&A.-%O!.&6-O%!I=&!+@@G0+I&!

.&I&0Q-%+I-/%!/F!I=&!+@I-,+I-/%!@0/66!6&@I-/%6!/F!/LBO&%!+%.!%-I0/O&%!-6!+%!-Q4/0I+%I!0&^G-0&Q&%I#!

\=&!/PI+-%&.!&6I-Q+I&6!Q+B!P&!G6&.!I/!-%,&6I-O+I&!6@&%+0-/6!/F!&,+@G+I-/%!/F!I=&!+@I-,+I&.!+-0#!\=&!

0&6GAI6!6=/K!I=+I!I=&!+-0!+@I-,+I-/%!-%!I=&!6=-&A.-%O!O+4!-6!,&0B!=-O=#!!

!

4. Conclusions. 

?!@+A@GA+I-/%!40/@&.G0&!K+6!.&,&A/4&.! -%! I=&! 6@/4&!/F! I=&! 0+.-/A/O-@+A!@=+0+@I&0-_+I-/%!/F! I=&!

6=-&A.-%O! /F! QGAI-)MJ! $937;TU! I+0O&I! +%.! FG0I=&0! @A+66-F-@+I-/%! /F! I=&! K+6I&6! +0-6-%O! .G0-%O!

&L4&@I&.!eX!B&+06!/F!I=&!F+@-A-IB!/4&0+I-/%#!96-%O!I=&!6+Q&!+440/+@=!I=&!0+.-/%G@A-.&!40/.G@I-/%!-%!

I=&! 6/-A:O0/G%.K+I&0! 6G00/G%.-%O! I=&! 6=-&A.-%O! K+6! +A6/! .&0-,&.#! ?@I-,+I-/%! /F! I=&! +-0! -%! I=&!

6=-&A.-%O! O+4'! 6&4+0+I-%O! I+0O&I! +66&QPAB! +%.! 6=-&A.-%O! 6I0G@IG0&6! K+6! FG0I=&0! &6I-Q+I&.! PB! IK/!

+440/+@=&6#!

7%! +O0&&Q&%I!K-I=! I=&!/PN&@I-,&!/F! I=-6!4+4&0! I=&!Q+-%! 0&6GAI6!/F! I=&!4&0F/0Q&.!6IG.B!K&0&]! -S!

/4I-Q-_+I-/%!/F!I=&!6-_&!/F!I=&!6=-&A.-%O!F/0!+!@/Q4/6-I&!6I0G@IG0&!/F!/%&!Q&I0&!/F!?7;7YXe!6I+-%A&66!

6I&&A! F/AA/K&.! PB! +! Q+66-,&! /0.-%+0B! @/%@0&I&! PA/@5p! --S! -.&%I-F-@+I-/%! /F! I=&! 5&B! 0+.-/)%G@A-.&6!

40/.G@&.!+6!K&AA!+6!I=&!Q+-%!4+I=K+B6!I=+I!A&+.!I/!I=&-0!40/.G@I-/%p!--S!.&0-,+I-/%!/F!I=&!+@I-,+I-/%!

64+I-+A! .-6I0-PGI-/%! /,&0! K=/A&! 6=-&A.-%O! @/%F-OG0+I-/%! G6-%O! IK/! A&,&A6! /F! +440/L-Q+I-/%p! ---S!

@A+66-F-@+I-/%!/F!I=&!0+.-/+@I-,&!K+6I&6!P+6&.!/%!I=&!@A&+0+%@&!-%.&L!@/%@&4I!+%.!@/Q4+0-6/%!/F!I=&!

0&6GAI6!.&0-,&.!G6-%O!I=&!IK/!.&O0&&6!/F!.&I+-Ap!-,S!.&I&0Q-%+I-/%!/F!I=&!6/G0@&!I&0Q!F/0!@/%I+Q-%+%I!

I0+%64/0I!-%!6/-A!+%.!O0/G%.K+I&0p!,S!&6I-Q+I-/%!/F!I=&!+-0!+@I-,+I-/%!-%6-.&!6=-&A.-%O!O+4#!

?..-I-/%+AAB'! I=&! Q+-%! F-%.-%O6! /F! I=&! @/Q4A&L! +%+AB6-6! 4&0F/0Q&.! +0&! 6GP6&^G&%IAB!

6GQQ+0-6&.#!

\=&! 40&@-6-/%! -%! +@I-,-IB! &6I-Q+I&6! Q+B! =+,&! -Q4/0I+%I! @/%6&^G&%@&6! G4/%! .&0-,&.! A&,&A! /F!

0+.-/+@I-,-IB!/F!Q+I&0-+A6!+%.!I=&-0!@A+66-F-@+I-/%6!+6!K+6I&6#!8/0!-%6I+%@&'!-%!I=&!6IG.B!-I!K+6!F/G%.!

I=+I!Q/0&!I=+%!/%&!/0.&0!/F!Q+O%-IG.&!.-FF&0&%@&!-%!I=&!&6I-Q+I&6!/F!+@I-,+I-/%!/F!I=&!6I+-%A&66!6I&&A!

6=-&A.#!

;@+A-%O! /F! I=&! -%.G@&.! 0+.-/+@I-,-IB! I=0/GO=/GI! I=&! @/Q4A&I&! 6=-&A.-%O! @/%F-OG0+I-/%! -6! +!

0&+6/%+PA&!+440/L-Q+I-/%!+%.!-6!I=&!&+6-&6I!K+B!I/!/PI+-%!I=&!F-06I!^G-@5!&6I-Q+I-/%#!M/0&!+@@G0+I&!

0&6GAI6!/F!I=&!0+.-/+@I-,-IB!-%.G@&.!-%!I=&!6=-&A.-%O!0&^G-0&6!+!.&I+-A&.!6IG.B!4/66-PA&!G6-%O!M/%I&!

*+0A/!@/.&6!+%.!+PA&!I/!O-,&!/%A-%&!0&6GAI6!F/0!,&0B!A+0O&!Q/.&A6#!

?! 6&%6-I-,-IB! /F! +@I-,+I-/%! +%+AB6-6! Q-O=I! P&! G6&FGA! I/! .&@-.&! I=&! @=/-@&! /F! I=&! +440/40-+I&!

6=-&A.-%O!Q+I&0-+A!I/!P&!G6&.!-%!I&0Q6!/F!6+F&IB!+%.!0+.-/40/I&@I-/%'!@/%I0-PGI-%O!I/!I=&!0&.G@I-/%!/F!

I=&!=+_+0.!0-65!+%.!@/%6&^G&%IAB!/F!I=&!@/6I!&6I-Q+I&6#!

T%&! @+%! @/%@AG.&.! +A6/! I=0/GO=! I=&! +%+AB6-6! /F! I=&! @/%I+Q-%+%I! 6/G0@&! I&0Q! ,+AG&6! I=+I! I=&!

40/4/6&.!6=-&A.-%O!.&6-O%!Q-O=I!P&!+.&^G+I&!F0/Q!I=&!4/-%I!/F!,-&K!/F!I=&!&%,-0/%Q&%I+A!-Q4+@I#!

?%.!F-%+AAB!I=&!@+A@GA+I-/%6!=+,&!6=/K%!I=+I! I=&!+@@G0+I&!.&I&0Q-%+I-/%!/F! I=&!+@I-,+I-/%!@0/66!

6&@I-/%6!/F!/LBO&%!+%.!%-I0/O&%!/,&0! A+0O&!&%&0OB!./Q+-%!+%.!F/0!,+0-/G6!-%@-.&%I!4+0I-@A&6! -6!+%!

-Q4/0I+%I!0&^G-0&Q&%I#!

\=&! @+A@GA+I-/%! Q&I=/.6! .&,&A/4&.! =&0&! +6! K&AA! +6! I=&! @/%@AG6-/%6! .0+K%! F0/Q! I=&! 40&6&%I!

+%+AB6-6!K-AA!P&!G6&.!F/0!I=&!6=-&A.-%O!/F!I=&!M?88)A-5&!I+0O&I!+%.!.-0&@I!I+0O&I6!@/%@&4I6!I=+I!B&I!

=+,&!I/!P&!@/%@&-,&.!V`CW#!

*A+66-F-@+I-/%!/F!K+6I&6!+0-6-%O!F0/Q!I=&!6=-&A.-%O!/F!I=&!QGAI-)MJ!I+0O&I!=+6!+!6I0/%O!-Q4+@I!/%!

I=&! .&@-6-/%! +%.! I=&! 6I0+I&OB! I/! P&! +./4I&.! F/0! .-6Q+%IA-%O! +%.! F-%+A! 6I/0+O&! /F! I=&! $937;TU!

F+@-A-IB#!?@@G0+I&! &6I-Q+I-/%! /F! I=&! +@I-,-IB! -%6-.&! I=&! 6=-&A.-%O! -6! +! ,&0B! -Q4/0I+%I! -66G&! =+,-%O!

FG0I=&0!@/%6&^G&%@&6!/,&0+AA!I-Q&6@+A&6!+%.!@/6I6!/F!I=&!&%I-0&!-%6I+AA+I-/%#!

!



!

Acknowledgements 

\=&!+GI=/06! I=+%5! I/!"0#!"#E#!*&40+O+! F/0!40/,-6-/%!/F! I=&!?>7\?!@/.&!*A&+0+%@&!"+I+!8-A&!+6!

K&AA!+6!F/0!G6&FGA!.-6@G66-/%6!/%!I=&!7?$?!@A&+0+%@&!@/%@&4I!+44A-@+I-/%#!

J&!+@5%/KA&.O&!I=&!F-%+%@-+A!6G44/0I!/F! I=&!$*!G%.&0!I=&!8<d!t3&6&+0@=!7%F0+6I0G@IG0&!?@I-/%!)!

;I0G@IG0-%O! I=&! $G0/4&+%! 3&6&+0@=! ?0&+! t$937;TU! ";! <0/N&@Ip! */%I0+@I! >/#! ZDZfdc! 37";p!

KKK#&G0-6/A#/0O#!\=&!$*!-6!%/I!A-+PA&!F/0!+%B!G6&!I=+I!Q+B!P&!Q+.&!/F! I=&!-%F/0Q+I-/%!@/%I+-%&.!

=&0&-%#!

References 

VDW!$937;TU!"&6-O%!;IG.B'!=II4]::KKK#&G0-6/A#/0O!

V`W!M#!8&A@-%-'! &I! +A#'!"&6-O%! /F! I=&!$937;TU!MGAI-)MJ! I+0O&I! +66&QPAB]!3+.-+I-/%! +%.!;+F&IB!

-66G&6'!-%!Proceedings of the SATIF-8 Workshop, Pohang Accelerator Laboratory, May, 2006#!

VYW!?#!8+66u'!?#!8&00+0-'!(#!3+%FI'!+%.!<#3#!;+A+'!FLUKA: a multi-particle transport code'!*$3>)

`XXZ)DX!R`XXZS'!7>8>:\*vXZ:DD'!;U?*)3)ffY#!

VeW!7?$?'!*A+66-F-@+I-/%!/F!3+.-/+@I-,&!J+6I&'!?!;+F&IB!EG-.&'!7?$?!;+F&IB!;&0-&6!>/#DDD)E)D#D'!

[-&%%+!DCCe!

VZW!7?$?'!*A&+0+%@&!U&,&A6! F/0!3+.-/)%G@A-.&6! -%!;/A-.!M+I&0-+A6]!?44A-@+I-/%!/F! I=&!$L&Q4I-/%!

<0-%@-4A&6'!7%I&0-Q!3&4/0I!F/0!*/QQ&%I'!7?$?!\$*"T*)cZZ'![-&%%+'!DCCd!

VdW!7?$?'!"&0-,+I-/%!/F!?@I-,-IB!*/%@&%I0+I-/%6![+AG&6!F/0!$L@AG6-/%'!$L&Q4I-/%!+%.!*A&+0+%@&'!

;+F&IB!3&4/0I6!;&0-&6!>/#!ee'!3&4/0I!3;)E)D#f'!;\7:<92:D`DY'!7?$?'![-&%%+'!`XXZ#!

VfW!?#! k&0&0+'! H#! a+.-'! `XXd#! $937;TU)";! MGAI-)MJ! I+0O&I! %&GI0/%-@! @+A@GA+I-/%6! F/0! I=&!

P+6&A-%&! @/%F-OG0+I-/%! /F! I=&!MGAI-)MJ! I+0O&I'! *$3>)?2)>/I&)`XXd)XYZ! ?\2'! $937;TU)

";:\?;a`:\>)XZ)X#!

VcW!M*><b!M/%I&! *+0A/! >)<+0I-@A&! \0+%64/0I! */.&! ;B6I&Q! F/0!MGAI-4+0I-@A&! +%.!k-O=! $%&0OB!

?44A-@+I-/%6p!=II4]::Q@%4L#A+%A#O/,!!

VCW!2#! 3+44'! (#*#! "+,-.'! [#! 2A-.&+%G'! "#! "/01'! "#! 3-.-5+6'! >#! \=-/AA-w0&'!Benchmarking of the 

Modelling Tools for the EURISOL DS project,! <0/@&&.-%O6! /F! 7%I&0%+I-/%+A! J/056=/4! /%!

;=-&A.-%O!?64&@I6!/F!?@@&A&0+I/06'!\+0O&I6!+%.!700+.-+I-/%!8+@-A-I-&6R;?\78)cS'!</=+%O'!;/GI=!

a/0&+'!``:XZ:`XXd!)!`e:XZ:`XXd 

VDXW! ?! M+%G+A! F/0! *7>"$3nCX! [&06-/%! *XX"! +%.! ?66/@-+I&.! */.&6! +%.! "+I+'! U?)93)XX)

"0+FI'!?40-A!`XXD#!

VDDW! \#! a+B'! 8#! M+&5+K+'! a#! a/6+5/'! &I! +A'! `XXD#! "*k?7>);<! `XXD]! k-O=! $%&0OB! 7%.G@&.!

3+.-/+@I-,-IB!*+A@GA+I-/%!*/.&#!

VD`W! 3#!?#! 8/00&6I'! +%.! (#!a/4&@5B'! \=&! $G0/4&+%!?@I-,+I-/%! 8-A&]! $?8! @0/66! 6&@I-/%! A-P0+0B#!

$?;H!./@GQ&%I+I-/%!;&0-&6'!9a?$?!89;!eZD'!*GA=+Q!;@-&%@&!*&%I0&!R`XXDS!!

VDYW! ?66/@-+I-/%!80+%x+-6&!.&!>/0Q+A-6+I-/%'!?8>T3'!=II4]:KKK#+F%/0#/0O!

VDeW! 7%,&%I+-0&! &I! */Q4/6-I-/%6! *=-Q-^G&! .&6! M+I10-+GL! .G! 31+@I&G0! 9UH;;$! .&! ;+@A+B'!

"?<>7?:!;$>?*:$:XZ)DCY:>\#!R`XXZS!

VDZW! 2#! ;@=A/OA'! 3#! >+PP-'! 3#! M//0Q+%%'! `XXf#! t*+A@GA+I-/%! /F! I=&! ?@I-,-IB! 7%,&%I/0B! /F!

\0+%64/0I+PA&!3+.-/%G@A-.&6! -%!;/-A!+%.!E0/G%.K+I&0! F/0!U+0O&!>&GI0/%!;/G0@&6t'!$937;TU!

";:\+65Z:\>)Xf)XD#!

VDdW! 7%I&0%+I-/%+A!*/QQ-66-/%!/%!3+.-/A/O-@+A!<0/I&@I-/%'‘Limits for intakes of radionuclides by 

workers’'! 7*3<! 4GPA-@+I-/%! YX'! <+0I6! D)Y! RDCfC)DCcDS! +%.! ;G44A&Q&%I6! I/! <+0I6! D)Y! RDCfC)

DCc`S'!<&0O+Q/%!<0&66'!TLF/0.#!

VDfW! "#!E#!*&40+O+'!E#!*+QP-'!M#!80-6/%-'!?>7\?`XXX'!>$?!"+I+!2+%5!<0/O0+Q!>$?)DdYc'!

T$*"!>G@A&+0!$%&0OB!?O&%@B'!R`XXXS!

VDcW! "#!E#!*&40+O+'!40-,+I&!@/QQG%-@+I-/%'!`XXf!

VDCW! ?%%+A6! /F! I=&! 7*3<!<GPA-@+I-/%! f`'! 7%I&0%+I-/%+A!*/QQ-66-/%! /%!3+.-/A/O-@+A! <0/I&@I-/%!

DCCY)DCCf'!?O&!.&4&%.&%I!"/6&6!I/!M&QP&06!/F!I=&!<GPA-@!F0/Q!-%I+5&!/F!0+.-/!%G@A-.&6]!<+0I!



!

Z! */Q4-A+I-/%! /F! 7%O&6I-/%! +%.! 7%=+A+I-/%! "/6&! */&FF-@-&%I6'! 7*3<! <GPA-@+I-/%! f`'! $A6&,-&0!

;@-&%@&'!DCCd!

V`XW! >+I-/%+A!>G@A&+0!"+I+!*&%I0&!T%)A-%&!"+I+!;&0,-@&'!=II4]::KKK#%%.@#P%A#O/,:!

V`DW! 7K+6&'!k#'!>--I+!a#'!>+5+QG0+!\#'!`XX`#!(#!>G@A#!;@-#!\&@=%/A#!YCRDDS'!DDe`!

V``W! ;#! 8G0-=+I+'! &I! +A#'! `XXD'! \=&!E$M!*/.&! )?! 6-QGA+I-/%! 40/O0+Q! F/0! I=&! &,+4/0+I-/%! +%.!

F-66-/%!40/@&66!/F!+%!&L@-I&.!%G@A&G6'!(?$37)"+I+!*/.&!`XXD)XDZ'!(?$37'!\/5+-QG0+'!(+4+%#!

V`YW! ;#! 8G0-=+I+! +%.! k#! >+5+6=-Q+'! ?%+AB6-6! /F! +@I-,+I-/%! B-&A.6! PB! 7>*:E$M'! (?$37)*/%F!

`XXD)XXd'!`XXD!!

V`eW! 7#!a/40-,-%5+0'!$#!;@=+@=-%O&0'!\=&!P-/A/O-@+A!6=-&A.!/F!+!=-O=)-%I&%6-IB!64+AA+I-/%!6/G0@&]!+!

M/%I&!*+0A/!.&6-O%!6IG.B'!>G@A&+0!7%6I0GQ&%I6!+%.!M&I=/.6!-%!<=B6-@6!3&6&+0@=!?!ecf!R`XX`S!

ZfD!

V`dW! \=/Q+6!3#!k#'!;I&,&%6/%'!E#!3'!DCcc#!3+.-/A/O-@+A! 6+F&IB! +64&@I6!/F!40/I/%!+@@&A&0+I/06#!

\&@=%-@+A!3&4/0I6!;&0-&6!>/#!`cY'![-&%%+'!7?$?!

V`fW! 7?$?'! DCCc! *A&+0+%@&! /F! Q+I&0-+A6! 0&6GAI-%O! F0/Q! I=&! G6&! /F! 0+.-/%G@A-.&6! -%! Q&.-@-%&'!

-%.G6I0B!+%.!0&6&+0@='!7?$?!\$*"T*)DXXX'![-&%%+'!DCCc!

V`cW! ?#k#! ;GAA-,+%'! DCC`'! ?! EG-.&! I/! 3+.-+I-/%! +%.! 3+.-/+@I-,-IB! U&,&A6! >&+0! k-O=! $%&0OB!

<+0I-@A&!?@@&A&0+I/06'!>G@A&+0!\&@=%/A/OB!<GPA-6=-%O!?6=F/0.'!\>`Y!D(J!$%OA+%.#!!

V`CW!H#!a+.-'! (#!U&II0B'!M#!U-%.0//6'!"#!3-.-5+6'!\=#!;I/0+'!U#!\&@@=-/'! y$937;TU!k-O=!4/K&0!

I+0O&I6z'!>G@A&+0 <=B6-@6!>&K6'!Vol. 18!R`XXcS!DC!

!


