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Christian Sorensen PhD Purdue University 08/2020

Dakota Scott MS Purdue University 7/2019

II. PROJECT DESCRIPTION

A. Project Overview

Our research seeks to develop a small-scale experimental approach to characterize homemade explosives, so 
we can quickly provide the relative detonability of different compositions, as well as provide data for model-
ing efforts so that threats can be more accurately predicted. Specific aims for this research include:
• Characterization of the relationship between small-scale and large-scale explosive test data.
• Development of a technique which requires little time and material, while safely providing a data-rich 

alternative to conventional large-scale tests for HMEs.
• Model development and calibration using data from small-scale tests to quantify specific threats posed 

by various HMEs.
• Collaboration with companies such as Rocky Mountain Scientific Laboratory (RMSL), and national labo-

ratories such as Lawrence Livermore National Laboratory (LLNL) or Sandia National Laboratories (SNL), 
or the Army Research Laboratory (ARL) to compare experimental data as well as disseminate results 
obtained from small-scale explosive test techniques.

• A Year 6 focus will include evaluating the effectiveness of additives to homemade explosives to make 
them less detonable, as well as considering explosives that are not amenable to microwave interferome-
try using ultra-high-speed imaging.

High costs and safety risks are incurred when large-scale characterization tests on non-ideal explosives are 
performed, and may not even be feasible with some explosives due to the lack of available material required 
to sustain a steady detonation. The physics governing a detonation failure event, which will occur if the diam-
eter of an explosive charge is below the critical diameter, and its relationship to mechanisms of initiation have 
not been fully explored. An understanding of this relationship may increase the ability to predict the behavior 
of explosives using only a few grams per test of the given material for characterization. Here, experiments 
in which detonation failure in non-ideal ammonium nitrate (AN) based explosives occur, are observed to ex-
plore the relationship between rate of failure and the shock sensitivity of an explosive. To address materials 
that have high microwave absorptivity we have begun using a 10M frame per second camera instead of the 
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microwave interferometry technique. We have used this to study systems such as ammonium nitrate and 
nitromethane (NM).  

B. State of the Art and Technical Approach

Microwave interferometry (MI) is a technique to measure shock and detonation velocities in explosives.  
However, before this work, it has not been applied to homemade explosives in a configuration that induces a 
detonation failure, or transient detonation. Detonation failure in homemade explosives occurs when the ex-
plosive charge is smaller than the failure diameter of the explosive composition; homemade explosives often 
require several kilograms of material per test in order to achieve a steady detonation, which inhibits testing 
over a wide range of compositions and configurations. MI may be used to obtain a highly time-resolved failing 
reactive wave, which may still be informative about large-scale homemade explosive behavior, with only a 
few grams of material per test. This MI technique is used to measure the phase and amplitude of microwave 
signals that are transmitted through an unreacted explosive and reflected back at locations of interest. These 
reflection regions are located at dielectric discontinuities such as a shock wave, or a reaction front due to 
ions present, which occur in the media during a detonation failure event. The phase measurements can then 
be used to infer the relative position and velocity of the failing detonation wave. MI is a unique, nonintrusive 
diagnostic for explosives research with high temporal resolution (see Fig. 1). 

The physics governing a detonation failure event, which will occur if the diameter of an explosive charge is 
below the critical diameter, and its relationship to mechanisms of initiation have not been fully explored. An 
understanding of this relationship may increase the ability to predict the behavior of explosives using only a 
few grams per test of the given material for characterization, and the microwave interferometry is a suitable 
technique for making observations of a detonation failure event at this small-scale. In Year 5, we have added 
ultra-high speed (10 MHz) imaging as a diagnostic that can be applied to microwave absorbing materials.  
The video is analyzed to compare the position of the reaction front versus time. Using a method described 
by de Levie et al. [1], the data is converted to the frequency domain, filtered, differentiated, and brought back 
to the time domain. The result is reaction front velocity versus time. From this, failure rate is calculated and 

Figure 1: Schematic showing uses of microwave interferometry.

ALERT  
Phase 2 Year 5 Annual Report

Appendix A: Project Reports 
Thrust R1: Characterization & Elimination of Illicit Explosives 

Project R1-B.2



used as a measure of sensitivity to detonation. Our approach is unique in that very small sample masses are 
needed.

C. Major Contributions

Major contributions from Year 5:
• Developed method to find transient velocity data and failure rate with high-speed imaging.  
• Demonstrated that high-speed imaging analysis to be in agreement with microwave interferometry re-

sults.
• Applied this approach to AN/NM system, which is incompatible with the microwave interferometry 

method due to nitromethane’s high complex permittivity value (high absorptivity). 
• Submitted paper for publication on aluminum additives in ammonium nitrate
Major contributions from Year 4:
• Observed and detailed effects from particle size of aluminum additives in ammonium nitrate.
• Observed and detailed effects from particle size of an inert additive in ammonium nitrate, glass beads.
• Proposed a new technique for obtaining quantified measurements of shock sensitivity, as it relates to fail-

ure diameter, using a small-scale experiment in which a detonation fails to propagate. This is significant 
in that it would allow highly non-ideal explosives with large critical diameters to be characterized and 
ranked in terms of shock sensitivity using only a small amount of explosive with charges much smaller 
than the failure diameter of the material.

• Publication on modeling of ANFO accepted in the Journal of Applied Physics: Kittell, D. E., Cummock, N. R., 
& Son, S. F. (2016). “Reactive flow modeling of small-scale detonation failure experiments for a baseline 
non-ideal explosive.” Journal of Applied Physics, 120(6), 064901.

• Preparation for publication of results on aluminum and inert particle size effects on ammonium nitrate 
based explosives.

Major contributions from Year 3: 
• Graduated a student (David Kittell) who now continues to contribute to security research as a technical 

staff at Sandia national Laboratories.
• Characterized the effects of density on detonation failure behavior of ANFO.
• Characterized effects of confinement on detonation failure behavior of ANFO.
• Successful simulation of detonation failure experiment with a baseline explosive using an ignition and 

growth reactive flow model in CTH (results submitted for publication to Journal of Applied Physics, ac-
cepted with revisions).

Major contributions from Year 2: 
• Graduated a student (Peter Renslow) who is now working at Sandia National Laboratory. 
• Initial ammonium nitrate + aluminum (AMMONAL) tested at small diameter and comparisons made to 

large-scale experiments.
• ANFO: Characterized kinepak, cold pack, and prilled AN. 
• TATB/Teflon mixtures with tailorable detonation failure characteristics demonstrated and initial model-

ing compared to these results (results published).
• Developed wavelet analysis and had paper accepted to Review of Scientific Instruments.
• Initial development and calibration of ignition and growth modeling to ANFO results.
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• Sample density shown to have large effects on detonation dynamics.
Major contributions from Year 1: 
• Developed microwave interferometry as a non-intrusive diagnostic.
• Analysis techniques developed Fourier transform, quadrature and peak-to-peak calculations of MI data.
• Varied mixture ratio, sample geometry, and confinement (results published).
• Initial modeling of TATB results (results published).

D. Milestones

Milestones from Year 5: 
• Verified that the imaging technique produces similar results to the microwave interferometer technique.
• Collected systematic data for the AN/NM system using imaging technique.
• Began to collect data on ammonium perchlorate homemade explosive systems that have not received 

much attention in the past.
• A paper was prepared and submitted discussing observations of shock sensitivity to detonation of 

AN-aluminum based explosives.
The following milestones still need to be achieved in Year 5 and Year 6:
• Additional relevant HMEs should be added to the data set in order to expand on the baseline information 

that has been obtained using AN-based explosives. 
• Another need for modeling homemade explosives is equation of state information. Currently, we have 

developed a model using CHEETAH combined with some modeling assumptions. This involves many as-
sumptions. We would like to complement our detonation failure experiment with a small-scale equation 
of state experiment.  We hope to adopt a modified small-scale cylinder test or Disc Acceleration eXperi-
ment (DAX).

• Quantify the effectiveness of additives in reducing the ability to detonate homemade explosives. For ex-
ample, iron sulphates have been proposed as an additive to ammonium nitrate, but no data are available 
for how much would be needed to be effective.

• Initiation experiments using a gas gun will be performed on relevant HMEs. Phase contrast imaging will 
be implemented using an X-Ray source at Argonne National Labs in order to observe pore collapse and 
initiation in AN-based explosives.  In addition, data will be obtained at LLNL where Christian Sorensen is 
interning this summer.

• We have not yet modified a small-scale cylinder test or Disc Acceleration eXperiment (DAX).  We hope to 
do initial experiments this summer, as a streak camera is now available to attempt these experiments.

• In Year 6, we plan to fully implement and adopt a small-scale EOS experiment.

E. Future Plans (Year 6)

We anticipate the attainment of small-scale EOS data, additional data on HMEs that could not be character-
ized with microwave interferometry, small-scale data on the effect of additives on HMEs, and unique dynamic 
data on pore collapse that is crucial for physics-based modeling of explosives.  We will also apply advanced 
X-ray imaging techniques to explosives in collaboration with Argonne National Lab and Lawrence Livermore 
National Laboratory (LLNL).  
We are particularly excited to explore several desensitizing and sensitizing agents for ammonium nitrate.  
Currently, there exists few technologies that have offered an effective solution to reducing the adverse use 
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of fertilizer grade ammonium nitrate. The most commonly used method is adding certain diluents, which 
still can be made to be detonable in many cases [2].  Methods to control the adverse use of AN has consisted 
almost entirely of policy and control of sale.  Work has begun on investigating the effectiveness of iron sulfate 
as a desensitizing agent for fertilizer grade ammonium nitrate—it has been suggested, but not quantified.  We 
will seek input from other collaborators in the center and elsewhere for suggested additives that are more 
effective than just as diluents.

III. RELEVANCE AND TRANSITION

A. Relevance of Research to the DHS Enterprise

1. If we can characterize homemade explosives quickly using small samples, we can provide the relative 
detonability of different compositions, as well as provide data for modeling efforts so that threats 
can be more accurately predicted. Metrics include mass of material necessary for characterization, 
time necessary to perform tests, and number of explosive compositions characterized. We now have 
to assess microwave absorbing HMEs (e.g. those containing peroxide or nitromethane).

2. Transferring detonation and composition information and modeling data to users, small companies 
such as “Rock Mountain Scientific Laboratory (RMSL), and National Laboratories (SNL, LLNL, ARL) 
will be significant to the DHS enterprise, as will educating highly trained personnel for those labs. 
Metrics include the number of laboratories and companies to which data and techniques have been 
transferred, as well as one student, Christian Sorensen, who will be interning at LLNL this summer.

3. We will be demonstrating that we can quantify the effectiveness of additives to desensitization to 
detonation. Very little comparable data exists.  Metrics include quantified data of effectiveness as a 
function of additive percentage.

B. Potential for Transition

We are transitioning our testing approach and test data to both companies (e.g. RMSL) and national labs 
(SNL, ARL, and LANL) to assist them in their research and technology development. Additionally, it is a goal 
to publish all significant results in order to disseminate pertinent information to the community. Perhaps our 
most significant transition is our students who are pursuing careers in homeland security areas primarily.

C. Data and/or IP Acquisition Strategy

The technical approach used has been described above and we do not anticipate IP to be developed. Data is 
published and documented in papers and theses.

D. Transition Pathway 

The data collected and models developed will help end-users assess threats of various HMEs. We are engag-
ing with small businesses, such as RMSL, and national labs, such as SNL, LANL, and Eglin AFB directly.  Nick 
Cummock is interning at Eglin now and will likely take a permanent position upon graduation since he is 
a SMART Fellow with them. Christian Sorensen is interning with LLNL this summer and plans to pursue a 
career with a national laboratory. Dakota Scott plans to work at a national laboratory or pursue a Ph.D. in 
related areas.

E. Customer Connections

• David Kittell (SNL), previous DHS student
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• Scott Jackson (LANL), mentored Nick Cummock
• Brian Bockmon (RMSL), founder of RMSL
• Mike Lindsay (AFRL), branch chief of the high explosives division at AFRL
• David Moore (LANL), mentored Christian Sorensen
• Robert Reeves (LLNL) mentor to Christian Sorensen for internship 

IV. PROJECT ACCOMPLISHMENTS AND DOCUMENTATION 

A. Education and Workforce Development Activities

1. Course, Seminar, and/or Workshop Development
a. Attended ASPIRE meeting in Boston where Dakota Scott (supported MS student) practiced 

pitching skills and career aspirations to industry representatives.  
2. Student Internship, Job, and/or Research Opportunities

a. Nick Cummock is working at Eglin AFB as a SMART Fellow this summer and continuing research 
on explosives.

b. Christian Sorensen is interning at LLNL this summer and studying explosives.
3. Training to Professionals or Others

a. Dakota Scott is mentoring an Air Force Cadet undergraduate this summer, which resulted in a 
new direction for this work.

b. Dakota Scott (supported M.S. student) is in the National Guard and will likely be serving in Ku-
wait after he finishes his M.S.

B. Other Publicatons 

Pending—
1. Cummock, N.R., Mares, J. O., Gunduz, I.E., Son, S.F. “Relating a small-scale shock sensitivity experi-

ment to large-scale failure diameter in an aluminized ammonium nitrate non-ideal explosive.” Com-
bustion and Flame, 194, 2018, pp. 271-277. DOI:10.1016/j.combustflame.2018.05.009

C. New and Existing Courses Developed and Student Enrollment

New or 
Existing

Course/Module/
Degree/Cert.

Title Description Student  
Enrollment

Existing ME 697C Combustion of  
Energetic Materials

3.0 credit graduate course at Purdue 
University

10-15 per two 
years (Fall 2016 
was most recent 
offering, will be 
taught Fall 2018)
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