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Introduction 
CR-39 is a polymeric nuclear track detector which is widely used for neutron 

dosimetry. CR-39 detector development was conducted at a number of laboratories 
throughout the world(1,2) , and was accepted also for routine dosimetry(3, 4). However, there are 
shortcomings which must be taken into consideration : the lack of a dosimetry grade material 
which causes batch variations, significant angular dependence and a moderate sensitivity.  
CR-39 also under-responds for certain classes of neutron spectra (lower energy neutrons from 
reactors or high energy accelerator-produced neutrons). 

 In order to introduce CR-39 as a routine dosimeter at NRCN, a series of checks were 
performed. The present work describes the results of some of our checks, to characterize the 
main properties of CR-39 dosimeters. 
 

Materials and methods   
 We used the standard CR-39 foils, which are prepared and delivered by the Soreq 
Nuclear Center. Each dosimeter is given an unique number. After use, the dosimeters were 
sent back to the Health Physics Department at Soreq, which performed the electro-chemical 
handling and the reading.  
 

The tests 
1.  Linearity 

 Groups of four CR-39 dosimeters were irradiated by neutrons from an AmBe source at 
a fixed location, for different periods of time. The time dependence is actually the dependence 
on the delivered dose. The results are given in table 1.  

Standard 
Deviation

(%) 
 

Average  
dose 

Evaluated individual dose 
mSv*100)( 

 

Irradiation 
time 
(hr) 
 

 20 < 20< 20<  20< 20 < 0 
28.5 31±117  90 150 110  16 

20.4 40 ± 232  200 280 200 250 24 

62.2 226 ± 462  750 530 250 320 40 

34.2 256  ± 783  950 1050 530 600 72 

35.4 343  ± 1292 1350 1750 1100 970 120 

16.6 229  ± 2037 2100 2150 2200 1700 192 

41.8 1011 ± 2750  2000 2350 3900 336 

19.7 1415 ± 7437 8400 8900 6250 6250 720 

 
Table 1.  The CR-39 evaluated dose as a function of time. 



By performing linear fitting to the results, we obtain a linear regression coefficient of  
R2 = 0.989, which indicated good linearity for the whole range. 

 

2.  Repeatability 

 In order to check the repeatability and the accuracy of the CR-39 evaluations, several 
groups of four dosimeters were placed in a shielded store room containing neutron sources, at 
fixed positions, each for one week. Besides, several groups were placed for longer periods (2, 
3 and 4 weeks) parallel to the weekly groups. The evaluated dose for 1 week was about        
10 mSv. The standard deviations obtained for each group are given in table 2. The ratios 
between the different groups which accumulated the dose for the same periods are presented 
in table 3. The week numbers are sequential numbers (from week 1 to week 4). The numbers 
in parentheses indicate accumulated periods. For example the sum 1 + (2+3) indicates the 
results monitored by the group from the first week plus the results of the group which was 
used for two weeks, starting from week 2.  

 

Maximal 
deviation (%) 

Standard 
deviation (%) 

Period 
(week number) 

1.8 1.6 1 
16.7 16.7 2 
11.2 9.8 3 
29.6 25.0 4 
40.7 30.0 )1+2( 
10.5 9.1 )3+4( 
35.4 31.0 )2+3( 
3.0 4.0 )1+2+3( 
3.8 3.3 )2+3+4( 

34.0 20.0 )1+2+3+4( 
 

Table 2.  The standard deviations of the averages for the different groups. 
 
 
 

Average ratio Maximal ratioMinimal ratio Period (week number) 

1.07 1.45 0.67 1 + 2 / (1+2) 
1.27 1.55 0.92 3 + 4 / (3+4) 
0.92 1.60 0.68 2 + 3 / (2+3) 
1.18 1.32 1.08 1 + 2 + 3 / (1+2+3) 
1.17 1.60 0.92  (1+2) + 3 / (1+2+3) 
1.25 1.47 0.93  1+ (2+ 3) / (1+2+3) 
1.26 1.50 1.01  2 + 3 + 4 / (2+3+4) 
1.32 1.65 0.87  (2+3) + 4 / (2+3+4) 
0.84 1.24 0.97  2 + (3+ 4) / (2+3+4) 
1.14 1.72 0.72  1 + 2 + 3+ 4 / (1+2+3+4) 
0.96 1.32 0.69  1 + (2+3+ 4) / (1+2+3+4) 
1.03 1.50 0.66  (1+2+3) +  4 / (1+2+3+4) 
1.00 1.71 0.63  (1+2) + (3+ 4) / (1+2+3+4) 
1.12 1.51 0.83 General average 

 
Table 3.  The ratios of the different combinations of the dosimeters groups. 



Discussion and conclusions  

 According to table 2, the standard deviation of the different groups was up to about 
30%, and the maximal deviation obtained was up to about 40%. These values are similar to 
the standard deviations obtained for the linearity checks, and it seems that they are typical 
values.  

 The results in table 3 indicate the range of deviations which are expected for a certain 
period, if the dose is accumulated be different groups of CR-39's. The results are expressed as 
ratios between different dose accumulation groups. The maximum ratio is the ratio between 
the maximal value obtained in a certain group and the minimal value obtained in the other 
groups. The minimal ratio is the ratio between the minimal value obtained in a certain group 
and the maximal value obtained in the other groups. The average ratio is the ratio between the 
average group values. Ideally, this ratio should be equal to 1. The ratio of the averages 
obtained experimentally was in the range 0.84 – 1.32. The minimum ratio was 0.63 and the 
maximum was 1.72.  

 A general tendency can be observed for lower average values, if the accumulation of 
the dose is performed for longer periods.  In table 3, the doses for the integral periods are in 
the denominator, and most average ratios are over 1, the total average being 1.12. This may be 
due to some saturation for the integrating dosimeters. 

 The results described above, which characterize some important features of the CR-39 
dosimeters, seem satisfactory for personal neutron dosimetry. We began to operate personal 
neutron dosimetry routinely at NRCN based on CR-39, and a data handling system for this 
purpose was designed and operated.  

 The CR-39 dosimeters are selectively distributed to workers dealing with neutron 
sources. They are placed in the TLD badges, under the TLD card, and are replaced monthly. 
The results of the readings of the CR-39 dosimeters at the Soreq Nuclear Center are recorded 
in the data base, operated by means of a SQL server system.  
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