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Introduction

 The purpose of the SNL PNAD is to allow the 
estimation of absorbed neutron dose received by 
individuals who may have been involved in a 
criticality accident.

 Data obtained from a PNAD is considered to be the 
most reliable indicator of absorbed dose due to 
neutron radiation.

 If an accident occurs, the dosimeters must be 
retrieved within a few hours (2-8) and sent to a 
suitable counting facility.  The Radiation Protection 
Sample Diagnostics Lab is the designated facility 
within SNL. 3/24/20162



Description of the SNL PNAD
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 PNADs are designed to be worn by individuals who 
enter locations in which installed criticality alarm 
systems are required. 



Data Regarding PNAD Elements
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More Data Regarding PNAD Elements
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More Description of the SNL PNAD

 Each PNAD is a sealed unit. 

 Each PNAD has a label with a unique serial number 

 Dosimetry materials are removed by breaking the front 
cover away from the plastic body/holder.  

 A pair of pliers and a strong screwdriver are 
recommended for use during opening. 
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Dosimetry Methodology

 In an effort to obtain dose assessments as efficiently as 
possible, dosimetry tables have been prepared which list 
many representative types of neutron spectra that could 
be created during a criticality accident (Ing and Makra, 
1978). 

 From this table, the dosimetrist can obtain spectrum 
weighted cross sections and fluence-to-dose conversion 
factors.  

 The dosimetrist must however, be supplied with 
sufficient information about the accident in order to 
select the most appropriate neutron spectra from the 
table.  
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Dosimetry Methodology

 In addition to the data supplied by Ing and Makra, 
measured spectra for the Godiva and SHEBA reactors, 
which are operated at Los Alamos National Laboratories 
(LANL) have been included (Casson, 1995).  

 Spectrum-weighted cross-section values and dose 
conversion factors have been calculated for the LANL 
spectra using the SAND II code (McElroy et al., 1967).
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Analysis of Dosimeter Materials

 The analysis of dosimeter materials requires two items 
of information.  

 The first item is induced activity per gram of material. 

 The second item is knowledge of the neutron spectrum.  
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Induced Activity per Gram of Material

 The PNAD must be opened and each foil weighted 
individually. 



 The activity in each foil is then determined by using 
gamma spectral analysis.  

 A high purity germanium detector and a multichannel 
analyzer are required.
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Knowledge of The Neutron Spectrum

 A more efficient method is to use a reasonable 
approximation of the incident neutron spectrum, for 
which spectrum-weighted cross-section values (for each 
foil) and fluence-to-dose conversion factors have already 
been calculated.  

 Tables of representative spectra for which spectrum-
weighted cross-section values and fluence-to-dose 
conversion values have been calculated, are used.
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Dosimetry Data for PNAD Materials
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Neutron Fluence Conversion Equations

 The following equation estimates the total neutron 
fluence (, in units of n/cm2) based upon:

 measured specific foil activities (A, in units of Ci/g) 

 and use of the appropriate spectrum-weighted cross-section 
value (, in units of barns) from the dosimetry Data Table. 
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Absorbed Dose Calculation
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Combining Neutron and Photon Dose Values

 The neutron and photon dose values should be summed 
and reported as absorbed dose (rad).
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Quick-Scan Procedure for PNADs

 Initial screening of personnel involved in a criticality 
accident, to determine whether significant exposures to 
neutron radiation occurred, can be performed.

 The screening (or Quick-Scan Procedure) is 
accomplished by checking the PNAD for induced activity 
using portable health physics survey equipment, and a 
nomogram
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Quick-Scan Screening Process

3/24/201617



Nomogram for PNAD Quick-Scan Procedure
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PNAD Foil Analysis

 Each PNAD contains six foils. The foils are removed from 
PNAD and are counted in the following order:

 the Sodium pellet is counted first for 10 minutes,

 the Copper foil is removed from the Cadmium cup and is 
counted for 20 minutes, 

 the Titanium, Nickel, and Aluminum foils are counted 
togetherC3 for 60 minutes, and

 the Indium foil is counted last for 20 minutes.

C3 The uncertainty introduced by stacking the foils was 
evaluated and determined to be less than 1%.
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Intercomparison Results From NAD23
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Intercomparison Results From NAD23
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Sources of Additional Information

 American National Standards Institute (ANSI) N13.3-
2013, “Dosimetry For Criticality Accidents”

 H. Ing, S. Makra, 1978, “Compendium of Neutron 
spectra in Criticality Accident Dosimetry,” Technical 
Reports Series No. 180, International Atomic Energy 
Agency, Vienna.
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NOTE

 The concept of dose-equivalent is of limited use in 
accidents when doses in excess of 25 rads have been 
received.  The quality factor in such situations is not 
uniquely defined, although it is generally assumed (RBE 
Committee, 1963) to be between one and two.  The 
dose equivalent ( ) values presented in Table A-1 have 
been calculated using the quality factors normally 
adopted for radiation protection.  These values are 
provided for the convenience of determining the dose-
equivalent for those individuals exposed to doses less 
than 25 rem and for whom the dose equivalent received 
in a criticality incident must be added to the already 
accumulated record (Ing & Makra, 1978).
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