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A BETA I RRAD IATOR FOR USE IN TL DATI ffi 
I .  K.  B a i l i f f  

TL D a t i n g  U n i t ,  Dept .  Archaeology, Old F u l l i n g  Mill 
The Banks,  Durham DH1 3EB England 

An i r r a d i . a t o r  u n i t  i s  b r i e f l y  desc r ibed  which houses a  4 0  m C i  
Sr90/Y90 b e t a  sou rce  (RCC Amersham; type  SIP, lcm2 a c t i v e  a r e a ,  
19mm o v e r a l l  d i ame te r ) .  I t  has  been des igned wi.t.h t h e  fo l lowing  
aims i n  mind; 

a )  t o  remove t h e  hazard of  a c c i d e n t a l  exposure of t h e  
o p e r a t o r  t o  t h e  source .  

b )  t o  obt .ain r a d i a t i o n  l e v e l s  e x t e r n a l  t o  t.he i r r a d i a t o r  
of t h e  o rde r  of mrad h - l  o r  l e s s  i n  r o u t i n e  ope ra t i on .  

c )  t o  i r r a d i a t e  samples l o c a t e d  on t h e  h e a t e r  p l a t e  of 
t h e  TL oven. 

Cons t ruc t  i o n  - 
A c r o s s - s e c t i o n  of  t h e  i r r a d i a t o r  u n i t  (without i t s  t r a n s p o r t  
mechanism) l o c a t e d  on t h e  TL oven i s  shown i n  f i g u r e  1. The 
oven body and l e a d  housing of t h e  i r r a d i a t o r  have c y l i n d r i c a l  
symmetry about t h e  same v e r t i c a l  a x i s .  The l e a d  housing,  
manufactured i n  two p a r t s ,  has  a  s p h e r i c a l  c a v i t y  w i t h i n  which 
t h e  source-car ry ing  mechanism i s  l o c a t e d .  

The s t a i n l e s s  s t e e l  a x l e  runs  i n  p r e c i s i o n  bea r ings  which a r e  
suppor ted by two p i l l a r s  mounted on t h e  s t e e l  b a s e p l a t e .  Two 
rods  a r e  f i x e d  t o  t h e  c e n t r e  of t h e  a x l e  a t  r i g h t  a n g l e s  t o  i t s  
a x i s  and i n  t h e  same p l ane .  The source ,  surrounded by a  l e a d  
s h i e l d ,  i s  mounted on one rod and on t h e  o t h e r ,  a  l e a d  
counte rweigh t /ph ie ld .  Both l ead  s h i e l d s  a r e  shaped s o  t h a t  t h e  
whole assembly can  be r o t a t e d  w i t h i n  t h e  s p h e r i c a l  c a v i t y .  An 
ex t ens ion  of  t h e  a x l e  pas se s  through t h e  l ead  housing and i s  
a t t a c h e d  t o  a c o n t r o l  handle .  The o p e r a t o r ,  by t u r n i n g  t h e  handle  
through 180°, t a k e s  t h e  source  from i t s  SAFE p o s i t i o n  t o  
IRRADIATION p o s i t i o n  f a c i n g  v e r t i c a l l y  downwards ( t h e r e  i s  a  
s t o p  t o  l o c a t e  t h e  source  i n  i t s  c o r r e c t  p o s i t i o n ] .  The l e a d  
housing and b a s e p l a t e  have been c u t  so  a s  t o  p rov ide  a  c i r c u l a r  
a p e r t u r e  i n  t h e  unde r s ide  of  t h e  u n i t .  When i n  t h e  SAFE 
p o s i t i o n  ( a s  shown) t h e  l e a d  counterweight  b locks  t h e  a p e r t u r e  
p rov id ing  s h i e l d i n g  from bremsstrahlung and s c a t t e r e d  low 
energy b e t a  r a d i a t i o n  ( M . J .  Ai tken,  TLS 60, PACT 3 ) .  The l i p  
shown along t h e  o u t e r  edge of t h e  h o r i z o n t a l  d i v i s i o n  of t h e  
housing a l s o  p reven t s  t h e  escape of s c a t t e r e d  low energy 
b e t a  r a d i a t i o n .  The source  is l o c a t e d  a t  a  f i x e d  d i s t a n c e  - 
15.3mm - above t h e  h e a t e r  p l a t e  (nichrome] by means of t h r e e  
r e f e r e n c e  l o c a t o r s ,  one of which i s  shown i n  t h e  f i g u r e .  The 
l o c a t o r s  a r e  manufactured from t i t a n i u m  but  s t a i n l e s s  s t e e l  
would be e q u a l l y  s u i t a b l e .  

Use i n  Laboratory  

The oven body, a s  shown i n  f i g u r e  1, i s  surrounded by a  25mm 
t.hi.ck l ead  c o l l a r  from t h e  bench l e v e l  upwards (6.5cm). The 



bench i,s l m  above f l o o r  l e v e l  and wi r e  mesh i s  f a s t ened  t o  t h e  
bench s t r u c t u r e  t o  p reven t  any acces s  t o  t h e  unde r s ide  (where t h e  
maximum dose - l eve l  dur ing  i r r a d i a t i o n  i.s i n  excess  o f  50 mrad h - l ) .  

The i r r a d i a t o r  u n i t  i s  t r a n s p o r t e d  t o  and l o c a t e d  on t h e  oven 
by means of a  g a n t r y  running on r a i l s  ( f i g u r e  2 ) .  The u n i t  i s  
s t o r e d  i n  a  f i r e  proof s t e e l  s t o r a g e  box, ad j acen t  t o  t h e  oven. 
The i r r a d i a t o r  housing i s  lowered on and r a i s e d  from t h e  oven 
by means of a  h y d r a u l i c  ram. 

Once l o c a t e d  on t h e  oven, a  sa . fe ty  ba r  ( f i g u r e  2) i s  pul.l.ed towards 
t ,he o p e r a t o r ,  lock ing  t h e  u n i t  onto  t h e  oven and a l lowing  t h e  
c o n t r o l  handle t o  be ro ta t , ed .  The housing cannot be r a i s e d  u n t i l  
t h e  handle  i s  r e s t o r e d  t o  t h e  SAFE p o s i t i o n  a s  shown and t h e  
s a f e t y  ba r  r e t u r n e d  t o  i t s  o r i g i n a l  p o s i t i o n .  A f t e r  i r r a d i a t i o n  
t h e  u n i t  i s  simply r a i s e d  and wheeled back i n t o  t h e  s t o r a g e  box. 

Radia t ion  Levels  
.p-- 

Measurements w i t h  u n c a l i b r a t e d  b e t a  and gamma contaminat  i on  mete rs  
have i n d i c a t e d  maximum dose - r a t e s  on t h e  s u r f a c e  of t h e  housing 
t o  be i n  t ,he r e g i o n  of s e v e r a l  mrad h - l  a.nd over a  s u b s t a n t i a l  
a r e a  surroundi,ng t h e  u n i t ,  below 1 mrad h-1. The maximum d o s e - r a t e  
measured a t  t h e  w i r e  mesh (below bench l e v e l )  du r ing  an i r r a d i a t i o n  
was 2 mrad h-1. 

Subsequent measurements w i t h  L i F  dos imete rs  (NRPB, Marwell) p laced 
a t  v a r i o u s  l o c a t i o n s  on t h e  bench and i r r a d i a t o r  dur ing  r o u t i n e  
u se  confirmed t h a t  t h e  r a d i a t i o n  l e v e l s  a r e  below 2 mrad h-1. 
C a l i b r a t i o n  

The source  has  been cal . ibra , ted  u s ing  a s imi . l a r  procedure  t o  
Murray and. Wint,le (PACT 3, 1 9 7 9 )  wi t11  calci.um f l u o r i d e  g r a i n s  on 
s t a i n l e s s  s t e e l  d i s c s  ( c a l i b r a t e d  gamma i r r a d i a t i , o n s  by NRPB, 
Harwe1,l). The son rce  d e l i v e r s  a  d o s e - r a t e  of l 6 2  + 1.5 rad min -l 
( s t d .  e r r o r  of s i x  measurements) t o  90-105 pm g ra i , i i s  of q u a r t z  on 
0.48mm t h i c k  d i s c s  of s t a i n l e s s  s t e e l  r e s t i n g  on t h e  h e a t e r  p l a t e .  
The c a l i b r a t e d  d o s e - r a t e  i s  some 7% l e s s  f o r  g r a i n s  l o c a t e d  
d i r e c t l y  on t h e  h e a t e r  p l a t e .  For pre-d.ose d a t i n g  work, a n  
a1umin:ium abso rbe r  (3m t h i c k ) ,  i n t e r p o s e d  between sou rce  and 
sample, g i v e s  a  1.00 f o l d  reduc t ion  of t h e  f u l l  dose - r a t e .  

A ' p robe t  d i s c  (wi th  CaF2 g r a i n s  spread  w i t h i n  a  c i r c l e  of 3mm 
diamete r )  has  been used t o  map t h e  d o s e - r a t e  a t  d i f f e r e n t  
p o s i t i o n s  on t h e  heat.er p l a t e .  The r e s u l t s  show a  10% f a l l - o f f  
i n  d o s e - r a t e  a t  a  d i s t a n c e  of Smm from t h e  c e n t r e  of t h e  p l a t e  
which i s  s i m i l a r  t o  Zimmermants f i n d i n g s  ( see  Ai tken,  TLS 60, 
PACT 3 ) .  The mapping procedure ,  b e s i d e s  p rov id ing  a u s e f u l  
check on t h e  a l ignment  o f  t h e  sou rce ,  g ives  an  important  reminder 
t o  t h e  o p e r a t o r  t h a t  ' c a l i b r a t e d '  d o s e - r a t e s  app ly  only  over a  
defined a r ea .  For samples spread  over a  g r e a t e r  a r e a  c o r r e c t i o n s  
may be necessary .  

The Oxford l a b o r a t o r y  a l s o  c u r r e n t l y  t e s t i n g  v a r i o u s  des igns  
of i r r a d i a t o r  housing,  r e q u i r i n g  l e s s  l e a d  t h a n  we have used he re .  

The au tho r  a p p r e c i a t e d  d i scuss i .ons  w i t h  D r .  M. Weston (Un ive r s i t y  
Radia t ion  Pro tec t i .on  O f f i c e r )  and M r .  A. Su ther land  o f  NRPB, Leeds. 



PRECISION BEARINGS 

INLESS STEEL AXLE 

- H E N E R  PLATE 

FIGURE 1 Cross-section of irradiator housing 'located on TL-oven 
(Oxford de~ign).~ The locators and pillars are spaced at 
intervals of 120 as indicated in Figure 2, 

LEAD SHIELDING HYDRAULIC RAM 

FIGURE 2 A plane view of the irradiator unit, located on the TL 
oven, with its transportation gantry. The cut-away shows 
a detail of the safety mechanism. The rails and steel 
storage cabinet are omitted. 


