
Nuclear Engineering @ North Carolina State University

PROMPT GAMMA-RAY 
NEUTRON ACTIVATION 
ANALYSIS FOR FLUIDSANALYSIS FOR FLUIDS

Ilker Meric Jiaxin Wang andIlker Meric, Jiaxin Wang, and 
Robin Gardner 

CEAR APNTOWL15 1



O CSTOPICS

How Started
+ IAEA CRP and Prof. Johansen
References
CEAR ResearchCEAR Research
University of Bergen Research
Possible Saudi Aramco Project

2



C SREFERENCES

A.M. Mutiso, G.A. Johansen, and R.P. Gardner, “Investigation of 
Prompt Gamma-Ray Neutron Activation Analysis for 
Determining Phase Amounts in Multiphase Flow”, CD ROM 
P di f 5th W ld C I d t i l PProceedings of 5th World Congress on Industrial Process 
Tomography, pp. 979-985, (2007).
Jiaxin Wang, Fusheng Li, and Robin P. Gardner, “On the use of 
prompt gamma-ray neutron activation analysis for determiningprompt gamma ray neutron activation analysis for determining 
phase amounts in multiphase flow”, Measurement Science and 
Technology, 19, pp. 1-6, (2008).
Ilker Meric, Geir A. Johansen, Marie B. Holstad, Jiaxin Wang, 
and Robin P. Gardner, “Produced Water Characterization by 
Prompt Gamma –Ray Neutron Activation Analysis”, submitted 
to Nuclear Instruments and Methods A. 

3



C SREFERENCES, 2

Athanas Mutiso,  “Investigation of Prompt Gamma-Ray Neutron 
Activation Analysis for Determining Phase Amounts in 
Multiphase Flow”, MS Thesis, NCSU,  2007.
Vincent DiNova, “Automated Spectrum Stripping of Photon 
Spectra”, MS Thesis, NCSU,  2011.
Xiaogang Han, Robin P. Gardner, and W.A. Metwally
“CEARCPG: A Monte Carlo Simulation Code for Normal andCEARCPG:  A Monte Carlo Simulation Code for Normal and 
Coincidence Prompt  Gamma-ray Neutron Activation Analysis 
(PGNAA)”, Nuclear Science and Engineering, 155 (1), pp. 143-
153 (2007).
Salahuddin Sheikh and Albert P. Richter, “Nuclear Salt-in-Crude 
Monitor”, Society of Petroleum Engineers of AIME, pp. 1009-
1016,  May, 1983.

4



C S CCEAR RESEARCH

5



C S CCEAR RESEARCH, 2

6



C S CCEAR RESEARCH, 3

7



C S CCEAR RESEARCH, 4

8



C S CCEAR RESEARCH, 5

9



C S CCEAR RESEARCH, 6

10



C S CCEAR RESEARCH, 7

11



C S CCEAR RESEARCH, 8

12



C S CCEAR RESEARCH, 9

13



C S CCEAR RESEARCH, 10

14



C S CCEAR RESEARCH, 11

DiNova also used the same Monte 
Carlo simulated data that was 
generated by Wang et al with his 
spectrum stripping approach. p pp g pp
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The results indicate that all the components  except 
strontium give good measured amounts. This is to be 
expected in that Sr is present in a very small amount.
There is an indication that pulse pile-up is a problem at 
the higher energies. This could be eliminated by first 
correcting the experimental spectrum for pulse pile-up 
distortion.
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Saudi Aramco has asked me to look at a new design forSaudi Aramco has asked me to look at a new design for 
measuring Cl and S in flowing oil by PGNAA.
The paper describes a device that consists of a 24-inch diameter 
pipe that is 48 inches long that has two cross flow pipes – one is p p g p p
about 3 and the other 6 inches in diameter. They house the Am-
B source and NaI detector, respectively. 
Measurements with this PGNAA device are desired for  Cl and S 
i fl i il i tin a flowing oil mixture.
The source is an Am-B source emitting about 1.X107 neutrons 
per second.
The detector is a NaI crystal of unknown size could be up to aThe detector is a NaI crystal of unknown size – could be up to a 
diameter of six inches and more than six inches in length, but 
appears to be 5 inches long by 3 inches in diameter.
Three windows on the spectrum are used of about 2.0 to 2.4, 5.0 p ,
to 5.6, and 5.6 to 8.0 MeV for H, S, and Cl, respectively.
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The inverse analysis described in the paper  consists of the two 
equations: Salt=K1+K2FCl+K3FS and Sulfur=K4+K5FS+K6FCl  where the FCl
and FS are ratios of the Cl and S counts to the H counts, respectively.
This device reminds me of the first (SAIC) PGNAA device for measuringThis device reminds me of the first (SAIC) PGNAA device for measuring 
the elemental analysis of coal on a conveyor belt. It had “Cadillac” 
hardware and “Model T” software.
A range of improvements can be made in a new design for this device. 
H d i t i ht b (1) A B t (2)Hardware improvements might be: (1) an Am-Be neutron source, (2) a 
neutron accelerator source, and (3) installation of the detector(s) and/or 
the source outside of the main pipe. Software improvements might be 
(1) the use of the Monte Carlo – Library Least-Squares (MCLLS) 

h th t th ti i t l t d tapproach that uses the entire experimental spectrum and  generates 
library spectra for all components by Monte Carlo simulation or (2) use 
of coincidence counting which would decrease the background 
considerably.
It is a very interesting problem. 
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