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Abstract 
 
A prompt gamma neutron activation analysis (PGNAA) facility at Oregon State University 
(OSU) TRIGA reactor has been built in year 2008 and been operated since then. PGNAA is a 
technique used to determine the presence and quantity of trace elements such as boron, 
hydrogen and carbon which are more difficult to detect with other neutron analysis method. 
A calibration is essential to ensure the system works as required and the output is valid and 
reliable. The calibration was carried out by using Standard Reference Material (SRM). 
Besides, background data was also acquired for comparisons and analysis. The results are 
analyzed and discussed in this paper. 
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Introduction 
 
PGNAA is an analytical method that can analyze the component nuclide concentration in a 
sample by detecting the prompt gamma rays emitted after the neutrons are absorbed. PGNAA 
is a technique useful for trace elements such as elements with high capture cross section and 
short half-life like boron (B), hydrogen (H) and carbon (C) that may not be well detected by a 
Delay Neutron Activation Analysis (DNAA) or better known as Instrumental Neutron 
Activation Analysis (INAA). In PGNAA technique, the measurement takes place during 
irradiation. 
 
Prior to the PGNAA facility, the only technique available to researchers at Oregon State 
University (OSU) for nuclear analysis method was INAA. The PGNAA was constructed in 
2008 to expand the experimental capabilities of the OSU TRIGA Reactor (OSTR). The 
OSTR is a natural convection cooled 1 MW TRIGA pool reactor. The PGNAA facility is 
located at the beam port #4 since even though beam port #1 and #2 are available, they have a 
reduced flux due to water leakage within the graphite reflector. Beam port #4 is a radial 
piercing beam port which looks directly at the core while beam port #1 and #2 are radial 
beam ports which terminate at the outer edge of the graphite reflector. 
 
Since beam port #4 looks directly at the core, it has a very high thermal flux due to its 
orientation to the core. However this also results in very large fast-neutron and gamma 
components. Therefore, appropriate beam filtering is included in the design of the PGNAA 
facility to minimize the contribution of the fast neutrons and gamma rays, while still 
maintaining a high thermal flux. The thermal and epithermal neutron fluxes were measured 
using gold-foil irradiations and found to be 2.81×107 and 1.70×104 cm-2s-1 respectively.  



Methodology 
 
In PGNAA technique, there are often a large number of discrete gamma energies need to be 
distinguished which range from around 50 keV to 10 MeV. Depending on the isotopes 
detected, these energies may be separated by only few energy ranges. A high-purity 
germanium (HPGe) detector with a resolution of 1.73 keV and a relative efficiency of 
36.50% at 1.33 Mev is utilized for this facility. A HPGe detector is well suited for PGNAA 
detection system because it has a very good energy resolution. 
 
It is important that the geometry of the sample be such that there is a minimal amount of self 
shielding within the sample when samples are being irradiated. Otherwise, quantitative 
analysis becomes more difficult. This is accomplished by pressing the sample material into a 
thin disk shaped pellet using a pellet die. The pellet needs to be small enough such that the 
entire pellet will be fully bathed by the uniform center portion of the neutron beam. Another 
option is to heat seal them into a Teflon pouch if pressing the material is not possible. The 
Teflon pouch is also used to place the sample in the sample chamber. The sample pellet is 
held by the sample holder which is positioned at a 45 angle as shown in Figure 1 to the 
neutron beam in order to move the sample holder post out of the flight path of the detector 
and minimize self shielding of the gammas produced in the direction of the detector. 
 
 

    
 

Fig. 1 Sample setup for the irradiation process. 
 
 
Since the amount of the analyte in the sample is directly proportional to the measured capture 
gamma rate, it is important that a standard with a known amount of the analyte be run in a 
similar configuration to the sample. This is important when considering what standards are to 
be used when determining elemental quantities. If the sample contains a large amount of 
hydrogen or some other substance which could influence the neutron exposure within the 
sample, it is important this be taken into consideration when preparing a standard.  
 
Generally, the Standard Reference Material (SRM) is used for the calibration of apparatus 
and the validation or verification of methods used in the chemical analysis of animal tissue 
for major, minor and trace elements. The material comes in a powder form. The material 
needs to be dried to a constant weight before using. For analysis and any analytical 
determination to be related to the certified values of the SRM certificate, samples of the dried 
material weighing at least 250 mg should be used. 
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There are many types of SRM. The SRMs used for PGNAA calibration during the visit were 
SRM 1577 which is bovine liver and SRM 1633a which is coal fly ash. Besides, background 
data with no sample was also taken. For the background data, two experiments were carried 
out where the data was taken when there was air in the sample chamber and when the sample 
chamber was evacuated. 
 
 

Results and Discussion 
 
Background spectra were used to determine measured elements within the background and 
spectra for two standards were produced using the facility not only to calibrate the system but 
also to obtain sensitivities, S and minimal detection limits, Ld for the facility. Background 
spectra cannot be subtracted directly from sample background in order to calibrate the system 
since the sample itself scatters neutron and the result will be invalid. Therefore, it is 
necessary to use standard samples, in this case samples which are based on SRM in order to 
calibrate the system. 
 
The experiments where the irradiation process was performed run for about four hours and 
16,000 data was collected for each experiment. The results for the first 1,000 data are 
presented in Figure 2 to 4. 
 
 

 
 

Fig. 2 PGNAA 1633a Coal Fly Ash spectrum 
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Fig. 3 PGNAA 1577 Bovine Liver spectrum 
 
 

 
(a) Air in sample chamber 

 

 
(b) Sample chamber evacuated 

 
Fig. 4 PGNAA background spectra 
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By analyzing the rest of 16,000 data, there are hydrogen, boron and lead peaks present in the 
spectra which are mostly produce by the polyethylene, paraffin, borated polyethylene, boral 
and lead shielding used by the facility. Aluminum peaks are from the aluminum sample 
chamber, aluminum beam tubes, aluminum support structure and the aluminum surrounding 
the germanium crystal in the detector. Iron peaks are from the steel supporting structure 
within the facility. Nitrogen, which is only seen in the spectrum without the sample chamber 
evacuated, is from the air in the sample chamber which is approximately 78% nitrogen. There 
are also a large number of prompt and decay germanium peaks which are a result of neutron 
interactions within the detector. Some of these are broadened on the high energy side, 
creating triangular-shaped peaks known as 'germanium triangles'. 
 
 

Conclusions 
 
A series of experiments were carried out to calibrate the response of the PGNAA setup at 
OSTR. The response was calibrated using samples prepared with materials of SRM. The 
results of the experiment show response spectra according to the material of the sample. The 
calibration has shown the successful use of SRM to calibrate the response spectra of the 
PGNAA setup. The PGNAA facility not only compliment many of the nuclear analysis 
methods currently used at the OSTR, but it has also provided means for researchers to 
analyze substances such as boron, hydrogen and nitrogen which could not be detected with 
the standard instrumental nuclear analysis methods available prior to this instrument. 
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