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19.76. I NTERCOMPAR l'SONN OF PER'SO.N.NEL DO'S I METERS* 

L. W. G i l ' ley ,  H. W.. Dickson and D.. 4: Ch.ci.stian 

ABST.RACT.' 

1976 I'NTERCOMPARISON OF PERSONNEL DOSOME,TERS--The second. 

Personne 1 i r is  imeter l.ntercdmpar.i son Study (PD I S) was conducted a t  

Oak R tdge. Na tiona.1- Laboratory ':s DOSAR Fac'i..l'i.ty dur ing  the  pe,r i od  

February .18-19 ,. 1976. El.even. ihdependent. or.gan i z a t  ions p a r t i c i p a t e d  

in. an intercompar ison . o f  neutron. and: gamma-ray dosimete.rs used: f o r .  

ro.ut'i.ne personnel: dos:imetryr. The' dos imete:rs, which w i r e  sh.ipped' to  

the. DOSAR Faci 1.i.t.y-, .were exposed at '  the' Heal'th. Phys l c s  Res'earch. Re-: 

a c t o r  t o  one o f  three. "standard Fzed" rad i ' a t  i on  f i.el:ds' whi.ch have been. 

used f o r  t he  pas't several: years f o r . '  i ntercompari ng- nuclear.. a.cc.i den.t: 

dos imeters .. The resul ' ts  of. PDI S reveal" t'ha.t: es t imates  of. dose equ,iv- 

a l 'ent vary over. a wide range.. For,. a g.iv.e.n- t-adiat:iori f i e l d  t.hes'e dose 

e s t  h a t e s .  may vary  by more. than, a fac tor  of .2.,. r.ndlcat i.ng the  need. 

f6r - c0nt. i  nued eva1.ua.t i:on 0.f.: t h e .  response o f  personnel  d6s i.mete.rs. used 

i n  mixed f i e l d s .  of .  n.eutr6n. and gamma redia-t ion..  

*Research sponsored by the  Energy Research and Development 
Admin is t ra t i on  under con t rac t  w i t h  Union Carbide Corporat ion. 



The second Personnel Dos imet r y  l ntercompar i son study1 (PD I S) 

was conducted a t  Oak Ridge Nat ional  Laboratory 's-  DOSAR F a c i l i t y  

d u r i n g  the  pe r iod  February 1.8-19, 1916, wi t h  eleven groups par- 

t ic i :pet  ing. .TWO other  groups ' i r r a d i a t e d  dos:imeters dd;&.es,sent ?. i a l l y  

i d e n t i c a l  cond-i t ions.  a few days 1.at'er. and t h e i r  resul ' ts.  are. i n -  

c l  uded i n  t h . 9 ~  r e p o r t  .. The' pa,rt i.cd.pants a re .  1.f s ted  i.n Appendix A. 

The H.eaS. t h  Ptiys.i.cs Research Re.ac-tor: was u,ssd. tti crr .ud~ce red. i =t.l on .. 

f i e l d s  w i t h  known energy spectra and i n t e n s i t i e s .  These f i e l d s  

were produced under cond i t ions s i m i  l a r  t o  those p r e v i n ~ ~ s l  yl used 

2,3 f o r  o t h e r  intercompar ison studies- and, as such, arer  considered 

"standard' '  f i:e..l.ds. ... The bare  ,. urish.i-ei.ded, react0.r- or,  ,the" rea.ctor 

used wi. th e.i..t,hdr of.... two sh,iel.ds:, . a . 1.2-cm-thick Cuci.t.e. sh:teld-, or a 

13-.cm-..th..ick. s tee-1. shi .e ld,  prov.ides th ree  d i.ffecent n k i ~ t  ron and: 

gamma-ray..spectra.:. A 14: MeV neutron.  generator. was a l s o  used t o  

expose dos imeters., but ' ,  t h e  generator f a  i 1 ed. t o  operate. proper 1 y 

and' produced' a .  neutron. dose 1 es.s than - 4 mrad and. a .  gamma- d0s.e 1 ess-. . . 

3. .mrad.. therefore, . .  t h e  res.u.1.t~. o f  t.he 1.4. MeV exposures. are. not: 

i.nc l'uded i.n tti i s  rep0r.C.: 

In. order. t o  produce t'he. levels.  a.nd. spe,ct.ra. I i.ke1.y t o  be. en- . 

countsered in. rou t i ne .  pers.onne1 moni t o r  i.ng,. the  reac tor  was' operated 

e's shown. i.n.Tab.1.e 1.. All' badyes were pl.aced. on w a t e r - f i l ' l e d  t r u n k  

p o r t  ions o f  Bomatj phantoms. at ;  t h ree  me.te.rs. The pl'aceme.nt: of. 

dosimeters on t h e  phantoms i s  shown in .  Fi-9.. I . and a t y p i  ca,l ex- 

per  imenta.1 arrangement .w.i t h  the. s tee l :  shie1.d i n .  place- is.. shown i n  

F.ig; 2.- 



Genera.1 1 y ,. the  dosimeters- ware ma.i led. o r .  shi.pped, t o  the  DOSAR. a 

few days i n advance o f .  the  i ntercompar tson. The dos f meters'. were. re -  - 

turned i.n. a s imi  l a r  manner t h e  day a f t .e r  the.  intercompar.ison. exposures 

were completed. Local l abo ra to r ies  hand c a r r i e d  t h e i r  dosimeters back 

an'd f o r t h  ... Dos.imeters. from two. part. i .cipants a r r i v e d  l a t e  and, there-  

fore,, an add i t iona.1. " ldent  ica.1." exposure was made... The types o f  d0s.i.-- 

meters u.sed.. by the  p a r t i c i p a n t s  a re  1.is.ted. i.n Tab'1.e. 2.. The p a r t  i,c:i.pants 

were provided w i t h  i.nformation on the  p o s i t i o n  o f  t h e i r  dosimeters as 

shown i n  Fig: 1 .  

Sul.fur pel  l ' e t s  expo.sed. at. a st.andar.d l o c a t  i o n  on. the  reac to r  

dur ing  the  intercomparison gave kerma est imates f o r  the th ree  meter 

pos i t i ons  o f  41, 47, and 44 mrad f o r  t he  unshielded,. s teel -shie lded,  

and Lucite-shiel .ded. runs, respec t i ve l y .  Hurst  de tec tar  measurements 

y ie lded  corresponding values o f  43, 55, and 43, mrad. A standard de- 

v i a t i o n  o f  about - +lo% i s  t o  be expected due to count ing s t a t i s t i c s  

and o the r  sources. of.  e r r o r  .. The dose al..s.o. can be calculated:  based' an 

4 
the  HPRR neutron spectra fo r  the  th ree  exposure conf igura t ions  used 

'I 
and the  dose conversion fac to rs  which have been ca lcu la ted  p rev ious l y  

f o r  these spectra .-. Average qua1 i t y . f a c t o r s  determi ned by .Murthy e t  

a1 .5 'were used f o r  c a l c u l a t i n g  dose eq"iva,l.ent.; ~ h e s e  va lues  a1 so, 

a re .  gi.ven in Table 4.. Using. the  f i.s.s ion. y i e l d  and the  ca1:cu'lated 

6 1ea.kage. o f  .the HPRR, the  neutron f l'uence was ca.lculat.ed, f o r  each re-, 

ac tov  run.. By appl y.i.ng- the  prew ious 1 y. detsrm tned dose con.vers i o n  

fact0r.s and' average qua1. i . t~   factor.^, t h e  dose. and dose equ.iva.1en.t 

were. cal..cul.ated and are. g iven in -  Table 5. 



Resul ts  of-gamma dose measurements were Less s a t i s f a c t o r y  due 

p r i m a r i l y  t o  a very  Large background exposure o f  many dosimeters. It 

i s  f e l t  t h i s  exposure came from inadvertent  exposure a t  t he  sh ipp ing 

s torage area a t  ORNL. The p a r t i c i p a n t s  reported h igher  doses than those 

measured by t h e  DOSAR group; This may be expla ined by the  d i f f i c u l t y  

i n  making co r rec t i ons  f o r  t h i s  e levated background. The DOSAR dos i -  

meters were n o t  exposed t o  any apprec iab le  background. Furthermore, 

t h e  neutron-to-gamma r a t i o  o f  the  DOSAR data i s  i n  reasonable agreement 

w i t h  pas t  measurements, w h i l e  the p a r t f c f p a n t s  data e x h l b i t s  l a r g e  

v a r l a t f o n s  fn  t h i s  ra t i o . -  

Reference values o f  dose and dose equ iva lent  as measured o r  

c a l c u l a t e d  by DOSAR personnel a r e  gi-ven i n  Table 6. Resul ts  reported 

by e leven p a r t i c i p a n t i n g  groups a r e  g iven i n  Tables 7, 8, and 9 f o r  

unshielded, Luci ted-shie lded,  and s tee l -sh ie lded conf igura t ions ,  

respec t i ve l y .  A summary o f  the  r e s u l t s  i s  shown i n  Table ,€I. Data o f  

two experimenters were n o t  inc luded i n  t h e  summary because the  dosimeters 
. - 

o f  one experimenter were i n  the development stage and the  o the r  ex- 

per imenter  f e l t  he d i d  no t  have good background co r rec t i ons .  There i s  a 

r e l a t i v e l y  l a rge  v a r i a t i o n  - in. dose. determi na,t ion among. the  pa.rt ' ic. ipants 

as shown.b;t the: standard deviat i .ons i n .  Table 10 .and the. raw data i n  

Tables 7;8, and.9.. I f  one-arbi . t rar i .1 .y  61im.inates t h c . e x t r . ~ m c ~ d a ~ f a  

p o i n t s  of' the neutron dose f o r  t he  t h m e  con,f.i:gura.tions. t he  standard 

deviat:tons. reduce from a yange o f  .+,30%. - t o  - +40%.. t o  about - +.I 5% t o  - +25%. 
This. i ntercompar i son  study appears' to -  be o f .  value. i.n v.iew. o f  t he  

w i.de range o f '  resu.1 t s  ob ta  i.ned . Some. o f  t h e  badges: were apparent 1 y i.n 



a .devel.opmental .stage rather .  than i n  rou.t. ine, use... I t  wou.1 d be he.l.pf.ul. 

i n  the  f u t u r e  i f  a l l  such badges could be c l e a r l y  i d e n t i f i e d  o r  ex- 

posed on separate runs. This f a c i l i t y  w i l l  p rov ide  such exposures on 

a m a i l - i n  basis t o  q u a l i f i e d  experimenters throughout the  year. It i s  

a n t i c i p a t e d  t h a t  t h i s  type o f  dosimetry intercomparison study w i l l  be 

worthwhi le on an annual bas is  u n t i l  t he  problems in. dosimetry 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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Table 1 

SUMMARY OF REACTOR OPERATIONS FOR INTERCOMPARISON 

Run Power ' T'i me F i ss tons. 
No. Shle1.d (watts).  (min.) . . (x!.o.1.3)' 

. . . . 

1 Unshielded 2 3 .12  1.16 

j . 3  . Steel. 2'  , i 8.68. 
. .- 

3 ..23 
. . 

. . . . 

' Table. 2 

Dosimeter Type 

Group ~ e u  t ron Gamma 

E l l  

Tho r i um 

TLD 

TLD 

TLD 

NTA F i l m  

TC D 

NTA. FO l m  

TLD 

TLD 
-. - - 
TLB 

TLD 

TLD 

TLD 
-,- - 

F i l m  

I TLD TL.D 

J F.i Om TLD 

K NTA F i l m  - - - 



Table 3 -  Calculation of HPRR Spectrum for NAD Intercompar,isons . 

Mid . 
Energy . Energy 

N o  Shield 

9.53 E7 
1.18 €9 
3.43 E9 
1.44 El0 
3.76 El0 
3.16 El0 
4.61 El0 
3.39 El0 
2.60 E9 
2.0 E9 
1.5 E9 
1.21 E9 
9.71 ' ~ 8  
8.40 E8 
7.35 E8 
6.37 E8 
1.58 .E9 
1.39 E9, 
1.62 €9 
1.04 E9 

- 1.24 E9 
8.45 EB 
7.76 E8 
4.72 E8 
4.54 E8 
4.34 E8 
6.09 E8 
3.82 E8 
4.84 E8 
3.04 E8 
2.81 E8 
2.42 E8 
1.78 E9 
3.36 €9 

N(E)AE* 
Luci te 
Shield 

3.31 E7 
3.63 €8 
4.29 E8 
2.58 E9 
5.s E9 
3.19 EQ 
3.69 E9 
3.08 E9 
4.18 E8 
3.81 E8 
3.49 E8 
3.24 E8 
3.05 E8 
2.98 E8 
2.76 E8 
2.66 E8 
7.60 E8 
7.23 E8 
9.48 E8 
6.97 E8 
9.21 E8 - 
6.91 E8 
6.90 ti! 
4.59 E8 
4.60 E8 , 

4.61 E8 
6.93 E8 
4.38 E8 
6.11 E8 
3.79 E8 
3.41 €8 
2.86 E8 
2.67 E9 
1.95 El0 

t 

This number i s  the area of the 

- 
", 

histogram for each energy interval. 

Steel 
Shield 
. . 

1.35 E7 
1.5 E7 
3.8 E8 
1.57 E9 
7.94 E9 
1.21 El0 
3.34 El0 
5.02 €10 
2.13 E9 
2.91 E9 
1.41 E9 
1.25 E9 
5.61 E8 
6.64 E8 
2.5 E8 
1.01 E8 
1.14 E8 
1.02 E8 
1.16 E9 
4.2 E8 

- 4.47 E8 
3.14 E8 
2.88 e8 
1.69 E8 
1.67 E8 
1.61 €8 
221 1 E8 
1.28 E8 
1.71 E8 
1.12.E8 
9.16 E7 
7.83 E7 
5.63 E8 
1.09 €9 



. Table 4 

- DOSE CONVERSION FACTORS AND AVERAGE 

). 

Dose Conver i o n  Fa t o r  S - f - 
Shie ld  *. (mrad/cm x 10- ) -QF - 
- -  - - 

Unshielded 25.5 9 - 4  

Steel  17.9 9 . 5 
Luci  t e  14-6 8.9 

Table 5 

NEUTRON ABSORBED DOSE AND DOSE EQUIVALENT CALCULATED 

FROM HPRR FlSSDON YIELDS 

Reactor F iss ions  F 1 uence Dose Dose Equi - 
Run Sh ie ld  (x'-10.!2) ( c m 2  x 1 0 )  (mrad) v a l e n t  (mrem) 

- 

1 Unshielded ,1.1.6 2.28 58 545 

2' S tee  I '  32.. 3 3...9 1 70 665 

3 Luc i . te  61.4 3.26 4.8. 
. . 

427 
. . 

. .  . . . 



Table 6- 

REFERENCE VALUES OF DOSE AND DOSE EQUIVALENT 

. . Neut"rton. Dose ' ' Ned.t:ron. Dps.e .. Gamma. Dose 

. . jmrad) Equ iva 1 en t .(mrem) , Equ l va.1 ent 

Run Shield Calcu1.-. Mea-. calcut Calcu.) ..:.'! Meas,ured 
l a f e d '  sured. la ted ' lated. Emrem3.' 

. . from 
Mi2asu red. 

1 Unsh !-el ded. 58 43 + 4 ..3. 545 
8 -  

404 ' 1.6 - + 1 . ~ 6  

2 Steel 
. . 

70 5525.5 66.5 



. . 
Table 7 

. . .  . 

RESULTS. OF' PERSONNEL DOSIMETER INTERCOMPARISON 

February 18-19,,. 1976. - Unshielded 

Location Phantom No. 1 Phantom No. 2 Phantom No. 3 
Group on Phantom n (mrem) y (m-rem) n (mrem) y (mrem) n (mrem) (mrem) 

7 

A Front 210 72 2 1 0 '  72 2 10 7 2 

B Front 470 20 470 20. 
B Back 9 0 5 90 5 

C Front 8 1 

D Front' 70 5 105 

E- 1 Front 560 15 560 15 560 15 
E-2 Front  620 23 620 23 620 23 
E-3 Front' 1000 35 1000 35 1000 3 5 

Front'  
.Back 90 20 

Front 

Front 
Back 

Front 

Front 
Back 
Front 
Back 

Front  
Back' 



Table 8 

RESULTS OF PERSONNEL DOSIMETRY INTERCOMPAkISON 

February 18-19, 1976 - L U C I T E  SHIELD 

. . '  
\ ' '  . -  

Ldcaf ton Phantom. .No .- 1..  Phantom No.. 2 . Pha_ntom .NO. 3 
Group on . Phantom n (mreml-, y (mrem.) n (mrem) .y:(mr,em) . . n.(mrem) y (mrem) . 

Front  
Back 

Front 

Front  

Front  
Fr0n.f. 

, Front. 

Front  
Back 

Front  

F ron r 

Front  
Back 
Front'  
Back 

Front 260 
Biclt 



, .  + .  Table 9 . . 
RESULTS OF PERSONNEL DOSIMETRY INTERCOMPARISON 

. . . . . - 

~ e b r u a r ~  18-19,  1976 - s tee l  Shield 

.. . 
- 

. . - ' 

Loca t ion Phantom No. 1 Phantom No. 2 Phantom No. 3 
Group on Phantom n (mrem) y (mrem) n (mrem) y (mrem) n (mrem) y (mremj 

A Front 

B Front 
B. --  _ .  Back . - . . . . . - - . 
C Front 

D Front 

E-1 Front 
E-2 Front 
E -.3 Front 

F Front'. 
F Back 

H '  Front 
H Back. 

I Front 

J-1 Front 
J -1. Back 
J -2 Front 
J -2 Back 

K Front 120. 
K Back 



Table 10 

SUMMARY. OF RE'SULTS' OF' FR'ONT EXPOSURES. 
. . . . ,. . . .  . . ... . .  

. . 
Exp0s.u r e .  ... . : ':Dose Gamma. Dose 
Cond.1 t'ion 

, . -  - 
E u i v a l e n t  (mrem). . ... . .  

. . - Equ .. . tvalent .. . (mrem] 

Steel- Sh iel.ded Reactor. 

LucO te Sh'iel . .ded. Reac.tor 

. . .  



Fig. 1 .  A Typical Placement of Dosimeters on the Front of  Phantoms. 
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