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THIRD PERSONNEL DOSIMETRY INTERCOMPARISON STUDY 

L. W. G i l l e y  and H. W .  Dickson 

ABSTRACT 

The t h i r d  Personnel Dosimetry In tercompar ison Study 
was he ld  a t  t h e  Oak Ridge Nat iona l  Laboratory Dosimetry 
App l i ca t i ons  Research F a c i l i t y  du r i ng  March 15-16, 1977. 
The Hea l th  Physics Research Reactor (HPRR), used un- 
sh ie lded,  w i t h  a 12-cm-thick L u c i t e  s h i e l d  o r  a 
13-cm-thick s t e e l  sh ie ld,  prov ided th ree  neutron and 
gamma-ray spectra. The c h a r a c t e r i s t i c s  o f  these f i e l d s  
such as neutron energy spectra, i n t e n s i t y ,  and u n i f o r m i t y  
had been measured p rev ious l y  du r i ng  nuc lear  acc ident  dosim- 
e t r y  s tudies.  Exposures were made t o  s imu la te  t o t a l  
exposures l i k e l y  t o  be encountered i n  personnel dosimetry.  
Neutron dose equ iva len ts  o f  t h e  order  o f  500 m i l l i r e m  were 
produced by c o n t r o l l i n g  the  r e a c t o r  power l e v e l  and ex- 
posure t ime. Dosimeters were mounted on the  t r u n k  sec t i on  
o f  w a t e r - f i l l e d  phantoms, t he  f r o n t  edges o f  which were 
1 ocated 3 m f rom the  r e a c t o r  cen ter .  When sh ie lds  were 
used they  were placed a t  2  m from the  core. S u l f u r  p e l -  
l e t s  exposed a t  a  standard l o c a t i o n  on t h e  r e a c t o r  du r i ng  
t h e  in tercompar ison were used t o  c a l c u l a t e  values o f  t i s s u e  
kerma f o r  neutrons a t  t he  3-m p o s i t i o n  based on prev ious 
measurements. Using the  f i s s i o n  y i e l d  and the  c a l c u l a t e d  
leakage o f  t h e  HPRR, t h e  n ~ ~ r t . r o n  f luence was c a l c u l a t e d  
f o r  each r e a c t o r  run. Then the  dose was c a l c u l a t e d  based 
on t h e  HPRR neutron spec t ra  and the  dose convers ion f a c t o r s ,  
which had been ca l cu la ted  p rev ious l y  f o r  t h e  th ree  spectra.  
The r e s u l t s  o f  these personnel dos imetry  in tercompar ison 
s tud ies  revea l  t h a t  est imates o f  dose equ i va len t  va ry  over 
a wide range. The standard d e v i a t i o n  o f  t he  mean of par- 
t i c i p a n t s  data was i n  t h e  range o f  25 t o  50%. 

The t h i r d  Personnel Dosimetry In tercompar ison S-tudy (PDIS) was con- 

ducted a t  t h e  Oak Ridge Nat iona l  Laboratory (ORNL) Dosimetry Appl i c a t i o n s  

Research (DOSAR) Faci  1 i ty du r i ng  March 15-16, 1977. S i x  independent orga- 

n i z a t i o n s  p a r t i c i p a t e d  i n  t he  in tercompar ison study o f  neutron and 

gamma-ray dosimeters used f o r  r o u t i n e  personnel dos imetry  (Appendix A 

con ta ins  a l i s t  o f  p a r t i c i p a n t s ) .  



The H e a l t h  Phys ics Research Reactor (HPRR) was 'use,d as t h e  source 

o f  gamma and neu t ron  f i e l d s .  The r a d i a t i o n  p r o p e r t i e s  o f  these f i e l d s  

3 have been measured1'' and c a l c u l a t e d  i n  p rev ious  s tud ies .  The HPRR i s  

a  sma l l ,  unsh ie lded  and unrnoderated, f a s t  r e a c t o r  s u i t a b l e  f o r  research  

i n  h e a l t h  phys ics,  r a d i o b i o l o g y ,  b iomedic ine,  and re1  a t e d  f i e l d s .  The 

r e a c t o r  c o r e  i s  a  r i g h t  c i r c u l a r  c y l i n d e r  (0.23 m  diam, 0.20 m  h i g h )  of 

e n r i c h e d  uranium (93.11 w t  % 2 3 5 ~ )  a l l o y +  w i , l I ~  10% iiiolybdenum. I t s  

f u e l  p l a t e s  a r e  coated w i t h  n i c k e l  and h e l d  t oge the r  by f u e l  b o l t s .  I t  

has one l a r g e  scrammable f u e l  element ( t h e  s a f e t y  b l o c k )  and t h r e e  

c o n t r o l  rods, one of which can be i n s e r t e d  r a p i d l y  t o  produce a  pu l se  o f  

r a d i a t i o n .  

Fo r  these s t u d i e s  t h e  r e a c t o r  was operated i n  t h e  s teady s t a t e  a t  

a  power l e v e l  o f  2  W f o r  v a r y i n g  l eng ths  o f  t ime  t o  produce dose l e v e l s  

n o r m a l l y  encountered i n  personnel dos imetry .  A summary o f  r e a c t o r  op- 

e r a t i o n s  i s  g i ven  i n  Tab le  1. These o p e r a t i n g  c o n d i t i o n s  produced doses 

o f  about  5 0 0 , m i l l i r e m  a t  t h e  l o c a t i o n  o f  t h e  dosimeters.  

Three "s tandard"  f i e l d s  were produced by us ing  t he  unsh ie lded  HPRR 

o r  by p l a c i n g  a  s t e e l  s h i e l d  o r  a  L u c i t e  s h i e l d  between t h e  r e a c t o r  co re  

Tab le  1. Summary of r e a c t o r  ope ra t i ons  f o r  t h e  t h i r d  PDIS 
-- 

Power T i  111e 
Run No. S h i e l d  ( w a t t )  ( sec)  F i s s i o n s  

--  - 

1  Uns h i  e l  ded 2 187 1.15 x l 0 l 3  

2 S tee l  2  521 3.22 x 1013 

3 L u c i  t e  2  990 6.11 x 1013 



and the dosimeters. The dosimeters were located on the f r o n t  o f  the 

t runk sect ion o f  wa te r - f i l l ed  phantoms posi t ioned so t ha t  the dosimeters 

were 3 m from the center o f  the reactor  core. The Luc i te  and steel  

shields were 12-cm- and 13-cm-thick, respect ively.  Figure 1 shows a 

t yp i ca l  experimental setup w i t h  the Luc i te  sh ie ld  i n  place, and Fig. 2 

shows a t yp i ca l  arrangement o f  dosimeters on the phantom trunk sections. 

Dosimeters used i n  t h i s  study were general ly  the same type as i n  

previous studies (mostly f i l m  and thermol uminescent dosimeters), except -- 

t h i s  i s  the f i r s t  such study i n  which several par t i c ipan ts  used t rack  - 
etch dosimeters. Dosimeters used by par t i c ipan ts  are given i n  Table 2. 
L 

Some par t i c ipan ts  used more than one type of dosimeter. To maintain 

anonymity, the pa r t i c i pa t i ng  groups have been assigned an a r b i t r a r y  

l e t t e r  designation. I n  addit ion, each d i f f e ren t  dosimeter type used 

uy a given pa r t i c i pan t  has been designated w i t h  a l e t t e r .  I n  Table 2, 

f o r  example, the i d e n t i f i c a t i o n  symbols "A-B" are used t o  ind ica te  group 

A, dosimeter type B. 

Be~~er-cil ly, the dosimeters were ma1 led o r  shipped t o  the DOSAR a 

few days i n  advance of the intercomparison. They were returned i n  

s i l l l i l a r  fashion a few days a f te r  exposure. If one o r  more o f  the dosim- 

e t e r  components were t o  be act ivated t o  the extent  o f  0.002 ~ C i / g ,  the  

pa r t i c i pan t  was required t o  fill out  and send e i t h e r  ERDA (now DOE) 

Form 375 o r  391, as appropriate, i n  order for  the act ivated dosimeters 

t o  be shipped from ORNL. The ERDA Form 375 appl ies t o  a l l  federal  agencies 

and Form 391 t o  a l l  non-federal agencies. For purposes o f  est imat ing 

7 -2 a c t i v i t y ,  one can assume a f a s t  neutron f luence o f  4 x 10 cm , which 

i s  conservative since a1 1 exposures i nvol ved a small e r  actual f 1 uence. 



Fig. 1 .  A typical experimental setup with the Lucite 
chield in place. 





Table 2. Dosimeters used by par t ic ipants 

I d e n t i f i c a t i o n  
(Group - Dosimeter) 

Dosimeter type 
Neutron Gamma Neutron and gamma 

A-A 
A- B 
B- A 
B-B 
C-A 
C-B 
C-C 
D- A 
D-B 
E-A 
F- A 

T L D ~  albedo 
t rack etch 
NTA f i l m  
t rack etch 
TLD a1 bedo 
TLD 
t rack etch 
NTA f i l m  

NTA f i l m  
TLD a1 bedo 

albedo + Th track etch 
albedo + Th track etch 

f i l m  

TLD 
TLD 
TLD 
f i l m  
TLD 
f i 1 m/TLD 
TLD 

a~hermol uminescent dosimetry. 

b ~ u c l e a r  t rack emulsion f i l m ,  type A. 

A f te r  exposure, par t ic ipants were provided wi th  the reactor operation 

data shown i n  Table 1, the pos i t ion  of t h e i r  dosimeters and the calculated 

neutron spectra a t  the 3-m pos i t ion  f o r  the three configurations. The 

calculated spectra are tabulated i n  Table 3 and shown i n  Fig, 3. Cal- 

cu lat ions o f  the HPRR spectra were performed using a two-dimensional 

d iscrete ordinates transport  (DOT) codes3 which assumed cy l i nd r i ca l  

symmetry about the ve r t i ca l  axis. Cross-section data were reduced t o  

33 f a s t  neutron groups and a thermal neutron group. The DOT calculations 

were transformed using the 34 group set. 

A s u l f ~ l r  p ~ l l e t  was exposed i n  a standa~d locatqon near the core 

during each reactor run t o  serve as a standard monitor. By using cor- 

re la t i ons  o f  measured kerma and su l fu r  p e l l e t  count ra te  from previous 

nuclear accident dosimetry (NAD) studies,4s5 estimates o f  kerma a t  3 m 

could be obtalned from the sul fur pe l le ts .  Using the dose conversion 

fac tors  given i n  ~ a d i a t i o n  ~os&rzekty~ for t ha t  section o f  a phantom 
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Table 3. Ca l cu la ted  HPRR spec t ra  f o r  in te rcompar ison  s t u d i e s  

Upper M id  N ( E ) A E ~  
Energy energy energy L u c i  t e  S tee l  
group ( e v >  (ev  > No s h i e l d  s h i e l d  s h i e l d  

a T h i s  number i s  t h e  area o f  t h e  h is togram f o r  each energy i n t e r v a l .  



ENERGY (eV) 

Fig. 3 .  Calculated H P R R  leakage spectrum a t  3 m from the 
the center1 ine of the core (1971 ) .  

designated element 57, the dose conversion factors fo r  the HPRR spectra 

were calculated and are  given in Table 4. Average qual i ty  factors deter- 

mined by Murthy e t  a1. were used fo r  calculating dose equivalent, and 

these values are also given i n  Table 4. Using the f iss ion yield and the 

calculated 1 eakage of the H P R R , ~  the neutron f l  uence was calculated for  



Table 4. Dose convers ion  f a c t o r s  and average q u a l i t y  
f a c t o r s  f o r  HPRR spec t ra  

Dose convers ion  f a c t o r  - 
S h i e l d  (mrad cm2 x  0 F 

Unshie l  ded 

S tee l  

Luc i t e  

each r e a c t o r  run. The c a l c u l a t e d  va lues o f  dose and dose e q u i v a l e n t  

were found by m u l t i p l y i n g  these f luences by t he  p r e v i o u s l y  determined 

dose convers ion  f a c t o r s  and average q u a l i t y  f a c t o r s .  The f i s s i o n  y i e l d ,  

neu t ron  f luence, dose, and dose e q u i v a l e n t  f o r  each r e a c t o r  r u n  a r e  

g i v e n  i n  Tab le  5. 

Tab le  6  g i ves  re fe rence  va lues o f  neu t ron  kerma, dose, and dose 

equ i va len t .  The measured kerma i s  es t imated  f rom s u l f u r  p e l  l e t s  exposed 

d u r i n g  each run, and t h e  e r r o r  i s  determined l a r g e l y  by e v a l u a t i o n  o f  

coun t i ng  s t a t i s t i c s .  The c a l c u l a t e d  dose i s  t h e  element 57 dose f o r  

t h e  c y l i n d r i c a l  phantom (F ig .  4 ) .  The element 57 i s  t h e  outermost  

c e n t r a l  element fac ing  t h e  neu t ron  beam; t he re fo re ,  element 57 dose 

Tab le  5. Absorbed neu t ron  dose and dose e q u i v a l e n t  
c a l c u l a t e d  from HPRR f i s s i o n  y i e l d  

Reactor  F i s s i o n  F l  uence Dose Dose e q u i v a l e n t  
r un  S h i e l d  (10-13)  (cm-2 x lo - ' ] )  (mrad) (mrem) 

1  Unshielded 1.15 2.26 58 545 

2  S tee l  3.22 3.88 70 665 

3  L u c i t e  6.11 3.26 48 427 



Tab le  6. Reference values o f  neutron kerma, dose and dose equ iva len t  

Reactor Measured Cal cu l  a  ted  Calculated dose 
r u n  Spectrum kerma (mrad) dose (mrad) equ iva len t  (mrem) 

1  Unshielded 45 2 5 5 8 545 

2 Stee l  sh ie lded 53 2 5 7 0 665 

3 L u c i t e  sh ie lded  44 + 5 48 427 . 

CUTAWAY VIEW 
OF CYLINDER 
AND VOLUME 
ELEMENTS 

Fig.  4. C y l i n d r i c a l  phantorrl and volume elements f o r  
averaging of dose. 



and kerma a r e  n o t  t h e  i d e n t i c a l .  Reference va lues f o r  gamma dose a r e  

u n a v a i l a b l e  due t o  a  m a l f u n c t i o n  o f  t h e  DOSAR thermoluminescent dos imet ry  

(TLD) system. Ca l cu la ted  gamma doses would be m is l ead ing  s i n c e  a  l a r g e  

f r a c t i o n  o f  t h e  gamma dose i s  due t o  r e s i d u a l  a c t i v i t y  i n  t h e  r e a c t o r  

c o r e  a f t e r  t h e  r e a c t o r  has been operated and i t  has n o t  been p o s s i b l e  t o  

i n c l u d e  t h i s  i n  t h e  c a l c u l a t i o n .  

The r e s u l t s  o f  t h e  p a r t i c i p a n t ' s  dose measurements a r e  g i ven  f o r  

t h e  unshielded, Luc i t e - sh ie l ded ,  and s t e e l - s h i e l d e d  c o n f i g u r a t i o n s  i n  

Tab le  7, 8, and 9, r e s p e c t i v e l y  and a r e  summarized i n  Tab le  10. I n  

Tab le  7, 8, and 9, t h e  dos imeters  a r e  i d e n t i f i e d  by group and dos imeter  

Table 7. Resu l t s  o f  Personnel Dosimetry  In te rcompar i son  
March 1977 - unshie lded r e a c t o r  

Phantom A Phantom B 
Dosimeter L o c a t i o n  n + y  n i y  

i d e n t i f i c a t i o n  on phantom n (mrad) n (mrem) y(mrem) (mrem) n(mrad) n(mrem) ~ ( m r e m )  (mrem) 

A-A1 F r o n t  
A-B1 F r o n t  
B- A1 F r o n t  63 588 25 
B-A2 F r o n t  , 661 25 
P-A? F ron t  62 70 503 2 5 
8-B1 F r o n t  65 607 
8-82 F r o n t  7 4  700 . 
6-83' F r o n t  52 488 
C- A1 F r o n t  640 
C-A2 Back 110 
C-Dl Frun t: 6YU 2U 
C-B2 Back 150 < I 0  
C-C1 F r o n t  790 
C-C2 Back 120 
0-A1 F r o n t  14 
0- B1 F r o n t  19 
€-A1 F r o n t  950 50 
E-A2 F r o n t  1050 50 
F- A1 F r o n t  588 16 
pp . -. . 

' ~ 1  bedo. 

b ~ l  bedo + tho r ium damaged t r a c k .  

t y p e  as l i s t e d  i n  Tab le  2; however, t h e r e  i s  an a d d i t i o n a l  i d e n t i f i c a t i o n  

number which i d e n t i f i e s  i n d i v i d u a l  dos imeters  of  a  g i ven  type.  For  ex- 

ample, B-A3 i d e n t i f i e s  t h e  t h i r d  dos imeter  o f  t ype  A  used by group B. 



Table 8. Results of Personnel Dosimetry Intercomparison 
March 1977 - Lucite shielded reactor  

Phantom A Phantom B 
Dosimeter Location n + y  n + Y 

i den t i f i ca t ion  on phantom n(mrad) n(mrem) Y(mrem) (mrem) n(mrad) n(mrem) (mrem) (mrem) 

0-A1 
D-Ol 
E-A'I 
E-A2 
F-A1 

Front 
Front 
Front 
Front 
Front 
Front 
Front 
Front 
Front 
Back 
Front 
Back 
Back 
Front 
Front 
Front 
Front 
Front 
Front 

a ~ l  bedo + thor i  um damaged track.  

Tab1 e 9. Resul t s  of Personnel Dosimetry Intercomparison 
March 1977 - s t e e l  shielded reactor  

Dosimeter Location 
Phantom A 

n + ~  
' i den t i f i ca t ion  on phantom n (mrad) n (mrem) (mrem) (mrem) 

Front 
Front 
Front 
Front 
Front 
Front 
Front 
Front 
Front 
Back 
Front 
Back 
Front 
Front 
Front 
Front 

a ~ l  bedo + thorium damaged t rack.  



Table 10. Summary o f  r e s u l t s  

Neutron dose 
Exposure e q u i v a l e n t  
c o n d i t i o n  n  (mrem) 

Gamma dose 
e q u i v a l e n t  

Y (mrem) 

Unshie lded 

S tee l  

Luc i  t e  

Phantoms A and B were e s s e n t i a l l y  i d e n t i c a l ;  two phantoms were used be- 

cause a l l  o f  t h e  dos imeters  cou ld  n o t  always be p laced  on one. The 

s p a t i a l  d i s t r i b u t i o n  o f  dose around t h e  HPRR i s  e s s e n t i a l l y  u n i f o r m  ove r  

t h e  area o f  t h e  two phantoms. The data f rom dos imeters  l o c a t e d  on t h e  

backs o f  t h e  phantoms a r e  shown o n l y  f o r  completeness. The averages and 

s tandard d e v i a t i o n s  g i ven  i n  Tab le  10 were ob ta i ned  us ing  a l l  o f  t h e  

da ta  f rom dos imeters  exposed on t h e  f r o n t s  o f  t h e  phantoms. Genera l l y ,  

t h e  dose e q u i v a l e n t  da ta  r e p o r t e d  by p a r t i c i p a n t s  i n d i c a t e d  improvement 

ove r  p rev ious  s tud ies, '  ' 2  except  f o r  t h e  L u c i t e  data,  which f o r  some 

unknown reason, showed a  de te ' r i o ra t i on .  The gamma data gave a  r a t h e r  

1  arge s tandard d c v i a t i o n ,  perhaps i i ~ d  icd1.i r ~ y  d l f f  i c u l  ty i n  measuring a  

smal l  yalrirrla dose i n  t h e  presence o f  a  s u b s t a n t i a l  neu t ron  dose. 

These s t u d i e s  have been found t o  be usefu l  t o  t h e  p a r t i c i p a n t s .  

I t  i s  a n t i c i p a t e d  t h a t  t h i s  t ype  o f  dos imet ry  in te rcompar ison  s tudy  

w i l l  be wo r thwh i l e  on an annual b a s i s  u n t i l  t h e  problems i n  dos imeter  

response and i n t e r p r e t a t i o n  have been i d e n t i f i e d  and solved. 
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