
/fl/b rl- 

TlfERMOLUMI NESCCNT NEUTRON DOSIMETER W I T H  INTERNAL ENERGY - R E S P O N S E  C O R R E C T I O N  

a> / / L  [ p  d . 

S. t. Crain 
M. E. Anderson M 

NOTICE 

rponrorcd by the Umted Stares Government Nelrher the 
United stater nor the United Slates Department Of 

Monsanto Research Corporation ma prepared as an account of 
I .  

E ~ ~ ~ ~ ,  nor any of their employers, nor any of their 
EOnl,aClorS, rubcontractors or their employees makes 
any or Implied, or assumes any legal 
llablllty o, responrlbbty for the accuracy completeness 

, dsciovd. or reprevnu that 11s would not 

Mound Faci 1 i ty 
. Miamisburg, Ohio 45342 U.S.A.  

8 uwiulnerr m y  miormation apparatus, product or 

I N T R O D U C T I G Y  lnfrmge privately owned nghu 

D u r i n g  1976 !bund  began a concentrated e f f o r t  t o  s e l e c t  a new neutron dosimeter t o  
replace NTI? film tfiat had been used f o r  neutron monitoring s ince 1947. 
has a very low response a t  the energies where much of the  neutron radiat ion 
exposure a t  Hound occurs. 
the  problem o f  assessing neutron exposure doses. 

Personnel exposures a t  Mound a r e  t o  unmoderated and moderated neutrons from ( a , ~ )  

react ions and  t o  spontaneous f i s s ion  a n d  neutron induced f i s s ions  from 2 3 8 P u  and 
2 5 2 C f  (an enri ched-urani i ) ~  s h c r i  t i c a l  assembly). Most o f  the  exposure occurs i n  
shielded g l c v ~ b o x  l i nes  used f o r  processing 238Pu02. Because the  neutrons a r e  of 
low average energy, i t  wsls ds,cSded t h a t  a thermoluminescent (TL) dosimeter m i g h t  
be a sui tab12 replacement f c r  i i  1x1. 

Some TL dosimeters i n  use i n  the U.S.A.  were tes ted along w i t h  NTA film. Internal 
energy c z I < > r s t i o n  was 2 p s s i S i . l i t y  w i t h  one of the TL dosimeters (Fa71)  .and  this  
dosimet2r kczrn". the besis f c r  our dosimeter design. 
contains t i ro  c?lnium shfeided ' L i F  chips w i t h  one being shielded on the source 
side ( f ront  shielded) a n d  th-2 other shielded on the wearer s ide (back shielded) .  
The dos ins t s r  a l s o  included SI 7 L i F  chip w i t h  each of the 6L.iF chips t o  correc t  
t h e  ' L i F  chips f o r  photon response. 

The f i lm 

In addition, track fading i n  NTA f i lm fur ther  complicated 

Basically,  t h i s  dosicjet& 

.. 

D E S C R I P T I O N  OF T H E  MOUND DOSIMETER 

The prcsent  Nouncl design incorporates two standard Harshaw TLD cards i n  a Cycoloc 
p l a s t i c  holder which a l so  contains the employe secur i ty  credent ia l .  
used f o r  neutron-dosimetry and contains two 6LiF chips and one 7 L i F  chip. 
card i s  placed i n  a cadmium-tin f i l t e r  module. 
s i d e  with cadmium (0.44 g/cni') and on the other with t i n  (0.39 g/cm2). 
c h i p  i s  covered on both s ides  with tin. The t i n  was added t o  improve the accuracy 
o f  neutron dose assessment by f i l t e r i n g  o u t  the low energy photons, cspeci;tlly the 
60 Kev photons from 241Ain. 
for the photon correctl'on f o r  both 'L iF  chips. 
chips. 
sides w i t h  brass ((1.09 g/cni2) while the other i s  unf i l te red .  
was chosen t o  approximate a 1 cm deep t i s s u e  dose from photons. 

One card i s  

Each 6 L i F  chip i s  covered on one 
The ' L i F  

This 

Adding the t i n  a l so  enabled one 7 L i F  chip t o  be used 
The other  T L  card holds two 7LiF 

When positioned i n  the  f i l t e r  iiiodule, one of the chips i s  covered on both 
T h e  brass f i l t e r  

These two TL chips 
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*,' .along w i t h  the t i n  covered one cons t i tu tes  the photon dosimeter. The-system 
was designed f o r  use w i t h  a Harshaw automated TLD reader. .o 
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CALIBRATION ~ 

Calibration of the neutron dosimeter was done by exposing i t  i n  a l o w  sca t te r ing  
area t o  several isotopic  neutron sources, both  unmoderated and  moderated w i t h  
polyethylene. 
Additional exposures were made i n  operating areas where room sca t te r ing  i s  
s igni f icant .  
assess  the dose equivalent. 
the front-shielded chip (F /H)  and the back-shielded chip ( B / H )  y i e lds  the s t r a i g h t  
l ine :  

Neutron spectral  information i s  avai lable  f o r  each of these exposures. 

For the operating area exposures, a 10" Bonner sphere was used t o  
A log- log  p l o t  of the responses per un i t  dose f o r  

l n ( F / H ) =  -(0.48 2 0.02) + (0.65 + 0.01) ln(B/H) Eq. 1 

The x2 value f o r  this f i t  i s  0.999. 
an equation f o r  determining neutron dose H from responses F and B: 

Algebraic manipulation of Eq.  1 r e s u l t s  i n  - 

Eq. 2 H = 4.0 F ( F / B ) l e 8 '  

The range o f  the  r a t i o  F/B for our data i s  1.0 <F/B ~ 2 . 3 ,  w i t h  the  moderated 
spectra havjng the lower r a t i o s .  

. .  
DISCUSSION ?F ERRORS 

Three S O U ~ C E S  cf errcr z r t  faherent i n  the use of Eq .  2. The  f i r s t  i s  how close 
any s ing?e  &t*m i n  Fiyr? 1 coiiies t o  the ca l ibra t ion  l ine .  
i n  Figure 1 i o  c losely foilow a l i nea r  re la t ionship,  dose equivalent values from 
Eq. 2 corres>cnding t o  t k s e  data may be off by 215%. 

The second scxrce of e r ro r  i s  due to  the f a c t  t h a t  i t  is  the logarithms of the chip 
responses t h a t  a r e  l i n e a r l y  re la ted.  
the TL chip responses would combine l i nea r ly  ( n o t  combine a s  the logarithms of the 
responses). The worst e r ror  fo r  combining exposures from d i f f e ren t  spectra is  
when 80% of the actual dose has a F/B r a t i o  of 1.0 and 20% has a r a t i o  of 2.3. 
In this case, the dose calculated from u s i n g  Eq. 2 would be low by 35%. 

Even though the data 

If  a dosimeter were exposed to  two spec t ra ,  

The t h i r d  source o f  e r ro r  i s  introduced by the variance of the response f o r  the 
i n d i v i d u a l  chips. For our data the standard deviation of a single observation 
a t  the 10 level i s  about +8% fo r  a l l  exposures greater  than about 10 mRem. The 
propagation of e r ro r s  i n  E q .  2 leads t o  an uncertainty i n  H of 528%. 

Others have used the r a t i o  of the responses of the f ron t  and back-shielded chips 
t o  obtain ca l ibra t ion  fac tors .  Two(Pi72 and Cr76) used boron shields  instead of 
cadmium. -The use of boron results i n  a smaller absolute value fo r  the'exponent 
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Sn Eq. 2. IJe have jus t  begun some measurements u s i n g  boron shields .  
results ind ica te  a va lue  of -0.5 f o r  the exponent which compares w i t h  -0.8 f o r  
Pi72 and -0.5 f o r  Cr76. The range of r a t i o s  F /B  f o r  boron i s  about 1 t o  6 for 
our spectra whereas f o r  cadmium i t  i s  1 to  2 . 3 .  These changes i n  the exponent 
and r a t i o  a r e  d u e  t o  the boron back-shielded chip having a lower response f o r  
unmoderated o r  l i g h t l y  moderated neutron spectra than a cadmium back-shielded 
chip and t o  a reduction i n  the front-shielded chip response t o  moderated spectra.  
T h i s  value f o r  the exponent lowers the  e r ro r  of the t h i r d  type described e a r l i e r  
from 26% t o  13%. 
such e r ro r  Going  from 35% t o  252. 

Pkeliminary 

,It lowers the e r ro r  when combining spec t ra  w i t h  the  maximum - 

Mound is  c w r z n t l y  u s i n g  the cadmium-tin f i l t e r  combination dosimeter f o r  
neutron nonilwing: F u r t h w  work i s  being done t o  determine how much the boron 
f i l t e r s  would  lower the  e r ro r  i n  neutron dose ca lcu la t ions .  
construction o f  the dosimeter f i l t e r  packs would enable us  t o  make the change 

. w i t h  r e l a t i v z  ease should i t  appea r  worthwhile. 

. The modular 
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RESPONSE OF THE FRONT SHIELDED DETECTOR 
TO THE RATIO OF T H E  FRONT SHIELDED TO 

BACK SHIELDED DETECTOR RESPONSES 
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