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INTRODUCTION
Th e  Subcritical Asse m bly in Dubna (SAD)
is a installation (in de sign stage ) couple d w ith
e xisting 660 M e V proton acce le rator (m ax be am
curre nt 3.2µA). Th e  m ain ch aracte ristics of th e  
subcritical core  are : MOX fue l, k e ff=0.9 5,fission 
pow e r 27.6 k W , Pb re fle ctor. It include s 
ne ce ssary be am  transport line  e nding on
th e  h e avy m e tal re place able  targe t (Pb, Pb/W )
Th e  SAD spallation targe t consists of one  ce ntral 
and 18 h e xagonal (36m m  pitch ) Pb prism s 
in 2 conce ntric laye rs.

Fig.1.Th e  pe rpe ndicular cross se ction
 of th e  spallation targe t 

w ith  surrounding fue l e le m e nts 
and a ve rtical e xpe rim e ntal ch anne l.
Th e  m ain goal of th is w ork  is  to asse ss th e  radiation 
h azard conne cte d w ith  th e  re place m e nt of th e  SAD 
targe t  afte r planne d six m onth s ope ration pe riod. 
As w as sh ow n in [1] ca 75%  of th e  total activity 
m ainly induce d by  h igh  e ne rgy particle s is 
conce ntrate d in th e  single  ce ntral e le m e nt. 
Th e re fore  only th is m oste  h azardous part of  
th e  SAD Pb targe t h as be e n ch ose d for de taile d 
calculations.

Fig.2.Th e  longitudinal cross 
se ction of th e  SAD core .

METH ODS and TOOLS
Th e  re siduals production rate  pe r one  source  proton 
h as be e n calculate d w ith  MCNPX [3] code . Th e n 
m odifie d  EvIzo [2] program  h as be e n use d to calculate
th e  tim e  e volution of e ach  possible  production/de cay 
path . Using  th e  data from  TORI database  [4] th e  
spe ctra of gam m as, X-rays and be tas in ch oose n 
tim e  points afte r irradiation e nd h ave  be e n produce d 

                                                          and store d. 

Fig.3. Sch em e  of th e  calculation
 proce ss

In orde r to sim ulate  th e
radiation fie ld around th e
Pb rod th e  calculate d 
gam m a/be ta spe ctra h ave  
be e n use d for re spe ctive  
construction of source  
in MCNPX input. 
In e ach  2 cm  prism
e le m e nt h om oge nous 
activity distribution 
is assum e d. Se e  Fig. 3.
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RESULTS
In orde r to asse ss th e  tim e  distribution of gam m a and be ta 
activity in th e  rod th e  calculations h ave  be e n pe rform e d 
using 6-m onth s-irradiation sce nario. ( 25 w ork ing w e e k s
-  1.5µA proton be am  for 10 h ours pe r day, 5 days in w e e k  ). 
Total proton flue nce  e q ual 4.2x1019 . In orde r to calculate  
th e  longitudinal radioactivity distribution th e  42cm  long
e le m e nt h as be e n divide d in 2cm  slice s.

              Fig.5 Gam m a spe ctrum                            Fig.6 Gam m a radiation fie ld   

 Fig.9 .Surface  gam m a dose  rate                   Fig.10.Gam m a dose  rate  around(1h  de cay)

In orde r to asse ss th e  calculations 
q uality th e  e xpe rim e ntal re sults from  th e  
e xpe rim e nt w ith  bare  8 cm  diam e te r
Pb cylindrical targe t [3,5] are  use d.
Th e  gam m a spe ctrum  of th e  1 m m
th ick  targe t slice  m e asure d w ith
H PGE de te ctor afte r 200 days de cay is 
com pare d w ith  sim ulate d one .
Th e  spe ctra are  sh ow n in Fig. 10. O ne
can se e  good agre e m e nt of th e  spe ctra.
Absolute  total num be r of counts 
in spe ctrum  agre e s w ith in 25%  lim it.

Fig. 10 Tim e  e volution of  total activity and
 9  isotope s com prising of 9 8%  afte r 30 
ye ars de cay afte r one  w e e k  irradiation

As an e xam ple  of "re al" w ork ing pe riod, a w e e k  consisting of 5 days w ith  10h , 1.5µA
 irradiation during e ach  one  h as be e n ch ose d. Te sulting  total activity tim e  e volution w ith  
isotope sgiving 9 8%  of activity afte r 30 ye ars de cay is pre se nte d in fig. 10. 

Th e  radioisotope s inve ntory 
w as calculate d inde pe nde ntly 
in e ach   of th e m . In Fig. 4 is 
sh ow n th e  distribution of
gam m a  and  be ta e m ission 
rate  along targe t e le m e nt surface  
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              Fig.7. Be ta m inus spe ctrum .                            Fig.8. Be ta plus spe ctrum

Fig.4.Gam m a and be ta activity distribution 

In fig. 5,7,8 one  can se e  
e xem plary spectra for th e  m ost
active  slice  Fig.  6 sh ow s th e  
sh ape  of gam m a radiation 
field one  h our afte r sh ut dow n.
Fig. 9 ,10 sh ow s e xem plary 
dose  rate s.

Sum m ary
 Th e   rad iation h azard  connecte d w ith  re placem ent of th e  m ost active  part of 
th e  SAD target  afte r planne d six m onth s ope ration pe riod   is   e stim ate d.   
Th e   longitudnal   d istribution   of radiosotope s  produce d in central target 
prism   are   pre se nte d. Th e  e xem plary gam m a and b eta spectra are  sh ow n 
as w ell. Th e  re sults can b e  use d  for th e  SAD target m aintenance  e nd 
e xpe rim ents d e signing. M eth ods and  tools  use d   for  gam m a calculations are  
te ste d w ith  e xpe rim ental re sults sh ow ing rath e r good agre em ent.

Fig.11.M e asure d and sim ulate d gam m a spe ctrum  
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