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II. PROJECT DESCRIPTION

A. Project Overview

Terrorists increasingly use homemade explosives (HMEs) because of low-costs and availability.  The speci ic 
compositions of HMEs are nearly limitless, so making accurate assessments of the threat from these mate-
rials is challenging. Consequently, there is signi icant interest in quickly characterizing HMEs so that these 
threats can be more accurately modeled. A signi icant challenge is the time and cost associated with tradi-
tional large-scale tests required to sustain a steady detonation in non-ideal explosives. In this work, we are 
developing experiments that require only a few grams of material involving transient detonation failure. One 
approach, employed by us and others, uses microwave interferometry (MI) to continuously track the position 
of shock and detonation waves inside the test sample; other approaches use the detonation wave to close and 
continually change the resistance of a simple circuit, and this will be explored for use in this work. Overall, a 
highly time-resolved pro ile of the location of the detonation front can be measured. These measured failure 
dynamics allow for the characterization of non-ideal explosives over a wide parameter space (from overdriv-
en to failure). These small-scale experiments provide detailed data relatively quickly and at a lower cost than 
alternatives. Speci ic 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 in order to quantify speci ic threats 

posed by various HMEs.
• Collaboration with companies such as Rocky Mountain Scienti ic Laboratory (RMSL) and national labora-

tories such as Lawrence Livermore National Laboratory (LLNL) or Sandia National Laboratory (SNL) in 
order to compare experimental data as well as disseminate results obtained from small-scale explosive 
test techniques.

The work in this project is primarily signi icant to ALERT and the Homeland Security Enterprise (HSE) with 
respect to  the development of techniques and an approach to test small amounts of material and use test 
data to assess the threat of varying HME compositions and calibrate models based on acquired small-scale 
experimental data. Characterization of HMEs would also include provision of information on the detonability 
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or sensitivity to detonation of different compositions of HMEs.

B. Biennial Review Results and Related Actions to Address

• Some strengths identi ied during the Biennial Review include: 1) “This research methodology of these 
small-scale experiments is technically sound and will allow one to obtain key data quickly and at a lower 
cost”; 2) “One of the strengths of their approach is the melding of experiment and modeling”; 3) “Their 
inding from their model that the detonation failure for ANFO (AN and fuel oil) is only a function of the 

initial density of ANFO is signi icant”; 4) “This project produces knowledge products that are useful for 
threat analysis and development of detection requirements”; 5) Transition of obtained results is straight-
forward, via calibration of predictive models and publications; and 6) Straightforward milestones and 
timeframe were presented.

• Some weaknesses identi ied during the Biennial Review include: 1) “The work on this project would 
make a bigger impact if it is explicitly coupled to projects R1-A.1, R1-A.2, and R1-D.1”; 2) “A major knowl-
edge gap can be closed if the overall methodology can be extrapolated to a larger set of explosive materi-
als”; and 3) “…improved distribution of the knowledge reports is needed.”

• We will pursue the following to address identi ied weaknesses: 1) Discuss how to couple better with the 
PIs of projects R1-A.1, R1-A.2, and R1-D.1 at review meetings or other venues; 2) Extend the technique 
to other materials, and even to materials not currently applicable to microwave techniques by applying/
developing an alternative/additional characterization technique; and 3) Participate in Joint Army Navy 
NASA Air Force (JANNAF) workshops or other venues in order to distribute results more widely, as well 
as continue to publish results.

C. State of the Art and Technical Approach

MI is a technique to measure shock and detonation velocities in explosives.  However, until recently, it had 
not been applied to HMEs in a con iguration which induces a detonation failure, or transient detonation. Det-
onation failure in HMEs occurs when the explosive charge is smaller than the characteristic failure diameter 
of the explosive composition; HMEs 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 con igurations. MI may 
be used to obtain a highly time-resolved failing detonation velocity pro ile, which may 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 re lected back at locations of interest. These re lection points are located at dielectric discon-
tinuities such as a shock wave or a reaction front [1, 2], which occur in the media during a detonation 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; howev-
er, challenges exist due to transmission losses and partial re lection of the signal. Achievable MI signals in 
explosives are often of a low quality, and velocity measurements in non-ideal systems remain challenging. 
Total re lection of the MI signal is never realized due to partial transmission through the wave front of inter-
est [2], as well as attenuation of the signal due to absorption and dispersion effects in the explosive media 
[3]. Furthermore, the shock or detonation wave may be a nonplanar re lector due to sample diameter effects 
as well as material heterogeneities resulting in poor signal quality. Other factors which may affect the signal 
quality include the possibility of a decoupled shock-reaction zone (e.g., shock initiation and detonation fail-
ure), giving rise to multiple harmonic frequencies, as well as the con inement of the test explosive acting as a 
waveguide for the MI signal [3]. When several of these non-idealities are present simultaneously, it may still 
be possible to extract useful velocity information with an advanced time-frequency analysis.

ALERT 
Phase 2 Year 3 Annual Report

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

Project R1-B.2



C.1. Objectives

The goal of the work for the current period is to study various compositions of ammonium nitrate (AN) and 
fuel (e.g. diesel or aluminum), and show how the explosive performance is in luenced by physical material 
characteristics (e.g. porosity, density, particle size, and shape). Similar tests using AN and fuel oil (ANFO) or 
AN and aluminum (ammonal) have been performed by RMSL and Los Alamos National Laboratory (LANL); 
however, these tests were performed at a large-scale. We are collaborating with both facilities to compare the 
results of large- and small-scale tests and, overall, provide a greater wealth of experimental data to calibrate 
models for these non-ideal explosives. MI is used to obtain highly time-resolved detonation velocity data for 
the small-scale experiments; however, development is ongoing to augment or replace the MI system for ex-
plosive compositions which are not compatible with MI due to the absorption of the microwave signals. The 
primary objective of the work is to determine whether or not different trends in material characteristics can 
be compared between the large-scale (steady detonation) and small-scale (transient failure) results. Another 
objective for the work is to simulate the small-scale experiments using the shock physics hydrocode CTH. 
To capture all of the relevant physics, the simulation will be fully 3D, and should provide a roadmap for how 
the small-scale data may be used to calibrate or validate different Reactive Burn Models (RBMs) for ANFO or 
ammonal. With the increasingly complex models for ANFO, sensitivity studies and multi-variable optimiza-
tion algorithms will be used to determine which parameters are most in luential in matching the observed 
transient detonation response.

C.2. Experimental

C.2.a. Material Selection

A form of AN was selected as a constituent for a baseline explosive from which an RBM would be calibrated 
to, under certain conditions. The selected form of AN is known as KinepouchTM, which is an explosive grade, 
inely-ground form of AN, and includes spherical inclusions in order to sensitize the explosive mixture (see 

Fig. 1 on the next page). This form of AN is normally mixed with nitromethane and used for rock-blasting in 
the mining industry. Previously, several materials were characterized (see Table 1 on the next page) and stud-
ied to identify changes in transient detonation behavior based on particle size and morphology. Kinepouch™ 
was chosen after inding that larger particle sizes tended to yield lower quality microwave signals due to 
non-planar shock wave production in the small-scale con iguration, where some particles spanned nearly 
one-third of the charge diameters in use.
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Product Name Particle Morphology Mean Particle Size

Kinepak ground fi nes and small prills 51 μm

Cold-Pack ground / crystalline

Tripwire prills (explosive grade) 2.02 mm

Brenntag prills (fertilizer grade) 2.06 mm

Brenntag (blend) ground /crystalline

The previous study involving changes in material morphology and particle size showed little dependence on 
these factors in the failing detonation velocity. Figure 2 shows a comparison of explosive-grade Kinepouch™ 
AN and AN obtained from a irst-aid cold pack at a local vendor. Figure 3 on the next page shows explo-
sive-grade prills that are often used in mining applications. These, and other AN based ANFO mixtures, were 
tested in order to compare effects of the particle size and morphology. The velocity pro iles obtained were 
very similar, and it was concluded that effects of particle size and morphology are not signi icant (see Fig. 4 
on the next page).  Note that the signal quality for the prills-based ANFO is low, likely due to the large particle 
size of the material compared with the charge diameter (6.5 mm) that likely affects the re lected microwaves 
and, thus, the resulting signal.

Figure 1: Image of Kinepouch showing glass inclusions for added sensitivity.

Table 1: Diff erent types of AN obtained for study.

Figure 2: (a) Explosive-grade Kinepouch AN; (b) Cold Pack AN (commercially available).
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C.2.b. Experimental results

C.2.b.i. Effects of packing density on ANFO failure behavior

Stoichiometric ANFO using Kinepouch AN was tested at a wide range of initial densities to determine the 
effect of initial density on failure behavior. Initial density is reported as the percent of theoretical maximum 
density (%TMD) in order to emphasize correlations in performance with the amount of void space in the 
sample; MI position and velocity data is shown in Figure 5 on the next page. ANFO is unique in that it can 
become insensitive at higher packing densities (less void space). This physical phenomenon is known as the 
“dead-pressing” effect [4], and actual densities of ANFO used for rock blasting can be as low as ~50% TMD. 
What is unique with this study is that the lowest density tested at 38% TMD (hand poured) results in com-
pletely reacted samples, and appears to be the most sensitive density tested for ignition. This result is likely 
dependent on the type of con inement used for testing – weaker con inement than 304 stainless steel would 
likely result in non-ignition for the same low-density samples. It is also noted that in high-density charges, 
density gradient effects on the velocity pro ile are signi icant.

Figure 3: (c) Macroscale view of explosive grade AN prills; (d) Micro view of explosive-grade AN prills.

Figure 4: Typical velocity profi les for Kinepouch-based ANFO, prills-based ANFO, and Cold Pack-based ANFO.
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For most of the small diameter (6.52 mm) tests with Kinepak and Cold-Pack ANFO, the failing detonation 
wave did not consume the entire sample, leaving a dense compact in the remainder of the con iner tube. The 
remaining con iner length was measured and the unreacted ANFO weighed to determine the inal density 
and %TMD; these results are shown in Figure 6 and Figure 7 on the next page. A clear trend is observed for 
this type of small-scale test: that increased reaction is achieved by decreasing %TMD and increasing void 
space in the sample. This is somewhat counterintuitive when considering conventional explosives, where 
performance is increased by increasing the initial density. However, explosive yield and sensitivity are differ-
ent characteristics and the lower densities increase the ignition sensitivity as described by an energy local-
ization hot-spot theory [5]. 

Figure 5: Velocity profi les for variable initial density of Kinepak ANFO.

Figure 6: Remaining confi ner length and change in %TMD (due to passing shock/compression wave) of the unreacted 

ANFO as a function of the initial sample %TMD.
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C.2.b.ii. Effects of charge con inement on ANFO failure behavior

It was shown previously that the only parameter tested that had a signi icant effect on detonation failure 
behavior is initial charge density. Previous studies have also shown that stoichiometry in ANFO between 2% 
and 15% weight fuel has little effect on detonation failure velocity pro ile [6]. Another important parameter 
to consider is the level of con inement. A constant initial density for Kinepouch-based ANFO of 50% TMD 
(0.826 g/cc) was chosen in order to avoid density gradient effects, and three levels of con inement used 
in the following tests. The three levels of con inement had the same charge diameter of 11.28 mm, and are 
identi ied as ‘THK’ (304 stainless steel with wall thickness of 32.5 mm), ‘PVC’ (stainless steel sleeve with wall 
thickness of 0.7 mm, surrounded by a ‘PVC’ jacket of wall thickness 19.1 mm), and THN (stainless steel sleeve 
with no PVC jacket). In addition, a ‘SM’ con iguration was tested, which used the same level of con inement 
as the THN tests, but with a smaller charge diameter of 6.52 mm. Figure 8 offers a visual of the test con igu-
rations, and Table 2 on the next page shows a summary of the con igurations tested.

Figure 7: Remaining explosive confi ners after dynamic testing. No confi ner remains were recovered for compositions 

initially below 66% TMD pressed density.

Figure 8: Charges prepared under varying levels of confi nement.
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Each charge was boosted by 38 mm of Primasheet 1000, and four charges of each con iguration were tested 
in order to ensure that repeatability was achieved in preparation of the samples. A diagram showing the 
con iguration of a PVC con ined charge is found in Figure 9. Timing for these experiments was provided by a 
iber optic trigger, shown in Figure 9, and the waveguide is fed to the microwave interferometer, from which 

the velocity pro ile of the failing detonation wave can be obtained.

The experiments proved to be repeatable due to careful charge preparation and sample pressing procedures 
that involved the six pressing increments for the sample explosive in order to avoid potential density gradient 
effects. High quality interference signals, such as the signal shown in Figure 10 on the next page, were able 
to be obtained due to the use of low-loss triple shielded BNC cables and careful experimental setup. Vari-
ous methods are suitable for analyzing the interference signal in order to obtain a velocity pro ile, such as 

Table 2: Charge confi guration details.

Figure 9: Diagram of sample with PVC level of confi nement.
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quadrature analysis and Fast-Fourier transform (FFT)-based analyses. Because the interference signals were 
of high quality, a simple peak-picking method was used to acquire the detonation failure velocity pro iles. Fig-
ure 11 shows the obtained transient shock velocity pro iles from the sixteen charges. It is interesting to note 
that there is an in lexion point in the THK con iguration which occurs at the Chapman-Jouget (CJ) detonation 
velocity for this composition of ANFO (calculated from CHEETAH). These results are signi icant because one 
con iguration shown in Figure 11 may be used to it an RBM, and the reliability of the model may be tested by 
attempting to predict the failure behavior of the other three con igurations using the same model parameters.

Figure 10: Raw MI signal obtained from a PVC confi guration charge.

Figure 11: Detonation failure velocity profi les for charges of varying confi nement.
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C.3. Modeling

C.3.a.  Overview

In order to develop a model that can capture the behavior of explosives during detonation failure, a baseline 
explosive must irst be chosen and successfully simulated under failure conditions. Kinepouch-based ANFO 
at 50% TMD was chosen, under varying con inement conditions, as a baseline explosive. Efforts to accurately 
model failing ANFO have been furthered to incorporate an ignition and growth type reactive- low model. An 
accurate simulation of the small-scale MI characterization experiment depends on several model and geome-
try considerations. Some of these include explosive parameters for ANFO, as well as strength and mechanical 
failure models for the 304 stainless steel con iner. A 2D or 3D simulation is necessary to capture the effects 
of radial losses on detonation wave propagation. Signi icant progress was made in two areas: (1) A computa-
tionally feasible and relevant 3D simulation; and (2) The development of optimization algorithms that might 
be used to calibrate the unknown material parameters for ANFO. The immediate objective of this work seeks 
to calibrate a tabular variable-density model for ANFO, which may then be used to simulate larger-scale ex-
periments. This type of model development is unprecedented within the explosives community and has the 
potential to launch a paradigm shift in explosive model calibration. The largest technical challenge is con-
straining the model so that convergence is possible over several (~10-20) unknown parameters. This chal-
lenge could be readily met with additional measurements in addition to the highly time-resolved detonation 
wave velocity pro iles. Work is ongoing to design additional novel diagnostics to supplement the MI system, 
and may be incorporated into the associated parameter optimization routines.

C.3.b. Model parameters

C.3.b.i. Mie-Grüneisen EOS for polycrystalline AN

The unreacted equation-of-state (EOS) for ANFO is approximated using a full density shock-particle relation-
ship for polycrystalline AN. It is assumed that the contribution of fuel oil is negligible in the overall shock 
loading of this material. Parameter values were obtained from M. Baer [7] and correspond to the linear 
shock-particle relationship (see Table 3),

Parameter Value

ρ0 (g/cc) 1.725

c0 (cm/s) 2.2e5

s1 1.96

Γ0 1.0

Using a constant Grüneisen parameter value of 1.0, the complete EOS was evaluated for stability with respect 
to the slope of the Hugoniot and isentrope [8], as well as the sign of the fundamental derivative [9]; no insta-
bilities were found. Variable initial density is treated as an extrapolation of the fully dense Hugoniot via the 
P-α porosity model discussed next.

C.3.b.ii.  P-α porosity model

The initial density of ANFO is critical in determining performance, including explosive yield and ignition sen-
sitivity. For initial densities less than 100% TMD, the passage of a shock wave through the non-reacting ma-

(1)

Table 3: Mie-Grüneisen EOS parameters for polycrystalline AN.
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terial will collapse void space, resulting in a modi ied Hugoniot relationship and possibly a compaction wave 
(instead of a shock). The P-α porosity model is used to modify the non-reacted material behavior, whereas the 
effects of initial density on the chemical reaction are taken into consideration via the calibrated burn model. 
The P-α porosity model contains three unknown parameters, which must be itted using the experimental 
data and are described in Table 4. These parameters can be visualized by Figure 12, which shows crushing 
history in p-α space. Pressures above the crush pressure limit take ANFO to full TMD, where the EOS for 
crystalline AN was assumed (Eq. 1).  The elastic pressure limit was assumed to be zero, and pressures in the 
compaction region are assumed to be de ined by:

 . (2)

Parameter Physical Interpretation

PS Pressure where all voids are crushed out

PE Upper pressure limit for elastic crushing behavior

CE Material sound speed within the elastic region 

C.3.b.iii.    Jones-Wilkins-Lee EOS for detonation products

A Jones-Wilkins-Lee (JWL) EOS was used to represent the detonation products of ANFO and the Primasheet 
1000 booster explosive. The JWL EOS has the following form [10]:

           (3)

Table 4: Experimentally determined parameters for the P-α porosity model.

Figure 12: P-α model.
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Where V is the relative volume, and A, B, R1, R2, and ω are itted constants. Both TIGER and CHEETAH ther-
mochemical equilibrium codes were used to determine the JWL parameters via adiabatic expansion of the 
CJ state, summarized in Table 5. 

C.3.b.iv.    Ignition and growth reactive burn model

Similar to the P-α porosity model, the ignition and growth reactive burn model (IGRB) [11] contains param-
eters which must be calibrated using experimental data. The IGRB model has been used to capture the initi-
ation and failure behavior of high explosives (HEs), and is typically calibrated with larger-scale tests using 
either a Pop-plot, in-material particle gauge and/or corner turning data. The IGRB model expresses the reac-
tion rate as the sum of three terms,  , where these terms stand for the ignition of the reaction 
( ), growth of the reaction ( ), and reaction completion ( ). Overall, the reaction rate is a function of the 
reaction progress variable, density, and pressure. Model parameters and the equations associated with each 
term are shown in Table 6. The chosen form of the ignition and growth reaction rate for ANFO omits the re-
actions completion term, with the assumption that in a failing detonation the reaction is not expected to 
reach completion, and is given by Eq. 4 and 5, as

                                                                                                                                                                                                         

where I is the coef icient of ignition, G is the coef icient of growth, η is the relative compression, and a is the 
compression threshold.   

                                                                                                                              
Table 6: IGRB equations and parameters by term.

Table 5: JWL parameters used for detonation products of ANFO and Primasheet 1000.

(4)

(5)

Table 6: IGRB equations and parameters by term.
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C.3.c. Simulation results

Four different small-scale experimental con igurations were modeled using a calibrated ignition and growth 
model, omitting the completion term in the reaction rate due to the nature of the experiment (detonation 
failure). The parameters used in the ignition and growth model are shown in Table 7, where the sampling 
limits were determined through the use of a Latin hypercube sampling (LHS) algorithm. Once the sampling 
limits were established, parameters were tuned to the best possible it of the THK case velocity data, and 
comparisons were then made between the model with calibrated parameters and the shown other cases. 
The comparison between experimental and simulated shock velocities is shown in Figure 13 (note that the 
model curves are suppressed when it is no longer possible to distinguish the front of the compression wave).   

Useful information, beyond failing shock wave velocities, is available with a successful model of these ex-
periments. Using the calibrated parameters, pressure levels inside the charges and extent of reaction may 
be visualized. Pressure and reaction contours are shown in Figure 14 on the next page and Figure 15 on the 
following page, respectively. The geometries in these igures were clipped to a radius of 1.25 cm for improved 
visualization; however, the computational domain extends to the outer charge radius for each con iguration. 
Figure 14 shows a change in pressure wave shape as the con iner is changed from a high sound speed (304 
stainless) to a low sound speed (PVC) material (i.e., where the pressure waves in the high sound speed matri-
al outrun the reaction zone, however they trail behind the reaction zone in the low sound speed material). 

Table 7: Parameter sampling limits for calibration of ignition and growth model with all units in cgs.

Figure 13: Model shock velocity with averaged and desampled MI data (for visualization).

ALERT 
Phase 2 Year 3 Annual Report

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

Project R1-B.2



Figure 14: Pressure contours for tested ANFO charge geometries at t = 7, 11, 15, and 19 μs (negative pressures 

correspond to areas of spallation): Top left: THK; top right: PVC; bottom left: THN; and bottom right: SM.
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Regions of negative pressure are also observed in Figure 14, where the material is in a state of extreme ten-
sion or spall. The stainless steel walls are forced to expand beyond their original density state when release 
waves arrive from the outer edges of the charge. 
It is also noted from Figure 15 that the reaction front propagates through the entire charge in only one of the 
cases (i.e., heavy con inement or THK). The reaction stalls as it transitions from supersonic to subsonic def-
lagration in the other three cases. Successful simulation of this baseline explosive during a detonation failure 
regime indicates that other homemade and non-ideal type explosives may be used to calibrate an ignition and 
growth type model.

Figure 15: Extent of reaction contours for tested ANFO charge geometries at t = 7, 11, 15, and 19 μs: Top left: THK; top 

right: PVC; bottom left: THN; and bottom right: SM.
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D. Major Contributions

The major contributions of this work this past year, Year 3, are:
• Graduated a student, David Kittell, who will continue to contribute to security research as technical staff 

at SNL. 
• Effects of density on detonation failure behavior of ANFO characterized.
• Effects of con inement on detonation failure behavior of ANFO characterized.
• Successful simulation of detonation failure experiment with a baseline explosive using an ignition and 

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

The major contributions of this work from the previous year, Year 2, are:
• Graduated a student, Peter Renslow, who will contribute to security research.
• Ammonal tested at small diameter, and comparisons being made to large-scale experiments.
• ANFO: Kinepak, cold pack, and prilled AN characterized.
• TATB/Te lon mixtures with tailorable detonation failure characteristics demonstrated and initial model-

ing compared to these results (results published).
• Wavelet analysis developed and paper accepted to Review of Scienti ic Instruments.
• Initial development and calibration of ignition and growth modeling to ANFO results.
• Sample density shown to have large effects on detonation dynamics.
The major contributions of this work from the previous year, Year 1, are:
• MI developed 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 con inement (results published).
• Initial modeling of TATB results (results published).

E. Milestones

Major future milestones of this work include:
• We obtained data on the effect of diameter on ANFO, and this effort was completed. We did not inish 

obtaining data on ammonal materials with MI technique.  Much of this work was done in collaboration 
with LANL last summer.

• Develop alternative continuous diagnostic (see Section F below). In Years 4 and 5, we will develop/
demonstrate an alternative diagnostic to the microwave interferometer experiment. 

• Fully develop calibrated ignition and growth model and apply it to large-scale experiments to show ca-
pability.

• Characterize more HME materials, including materials that cannot be characterized with MI system.
• Graduate another student that will contribute to security research.
• We will expand this approach to a wider range of materials in Years 4 and 5. 
• In Year 4, we will prove or disprove that the transition point from the driver explosive to the target ma-

terial (discussed below) can be used (and what required conditions are) as a way to obtain a measure of 
the large diameter detonation speed. 
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• In Years 4 and 5, we will further develop a modeling approach.
Major milestones accomplished this past year, Year 3, are:
• Fully developed (and submitted for publishing) results from a calibrated ignition and growth model ap-

plied to small-scale detonation failure experiments. This model may be scaled up to large-scale experi-
ments, where detonation velocity is predicted as the CJ condition detonation velocity; this result is ex-
pected, as CJ conditions are used to determine the JWL EOS parameters.

F. Future Plans

In Figure 11, a distinct in lexion point in the detonation failure velocity pro ile is observed in the THK case, 
which corresponds to the CJ velocity of Kinepouch -based ANFO. Initial studies have been performed in or-
der to understand why this in lexion point (also termed ‘KY point’) is observed, and what it is dependent on. 
Figure 16 shows that there is little or no dependence on initial density of the sample explosive. Note that if 
the KY point was an indicator of CJ detonation velocity, it would correspond to the indicated CJ velocities for 
ANFO, as calculated by CHEETAH.

The input pressure to the sample explosive depends on the type of booster used. The booster used to ob-
tain the results seen in Figure 16 is Primasheet 1000. Changing the booster to another explosive, such as 
HMX, will change the input pressure. Figure 17 on the next page shows velocity pro iles of heavily con ined 
charges boosted by either HMX or Primasheet 1000; the KY point seems to have a strong dependence on 
input pressure. However, it is noted that the HMX booster was tested using two different initial densities of 
ANFO, namely 50% and 75% TMD; the KY point in each of these cases did not agree, as would be expected 
after analyzing the results of Figure 16. This may be the result of shock impedance matching at the interface 
of the booster and test explosive, but further analysis as well as experimentation with varying diameters is 
necessary to prove or disprove that this transition point (at x = 0 as seen in Fig. 16) is related to the large 
scale detonation speed.

Figure 16: Heavily confi ned charge velocity profi les show no change to the KY point with varying density.
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Quantitative sensitivity measurements may also be obtainable from these small-scale experiments, and are 
of interest. Collaboration with RMSL has allowed our group to obtain sensitivity data on different mixtures 
of AN and ammonal. These powders were analyzed, and whether transmission through ammonal mixtures 
using our MI con iguration is possible was tested in Year 2 of this project. Future plans using these alumi-
num powders obtained from RMSL include comparing small-scale transient detonation velocity pro iles of 
ammonal mixtures with sensitivity tests performed by RMSL. It is likely that the failure rate observed in the 
acquired velocity pro iles correlate with the sensitivity of the test material, and verifying this is of great in-
terest, as it would provide a more quantitative measure of sensitivity than many traditional sensitivity tests 
currently performed.
A new diagnostic to complement the MI technique is also of interest. Figure 18 shows an example of a diag-
nostic which would be a useful complement to the microwave interferometer. This diagnostic may allow the 
decoupling of the shock wave (tracked by the microwave interferometer) from the ionization front (tracked 
by a closed circuit, the resistance of which continuously changes as the ionization front travels through the 
con iner) to be observed. This diagnostic may also be used to measure detonation failure of energetic materi-
als that are not compatible with the microwave technique due to microwave absorption or attenuation, such 
as nitromethane. 

Figure 17: The KY point shows strong dependence on initial input pressure.

Figure 18: New diagnostic to be implemented in order to track the ionization front in a detonation test.
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Collaboration with facilities outside of Purdue University will continue, particularly with RMSL and LANL, in 
order to further relate small-scale experimental data with that of large-scale detonation experiments.
Modeling of a baseline non-ideal explosive in a small-scale regime was successful, and we will continue to 
develop this model and other analyses that provide information beyond detonation velocity, such as pressure 
and reaction extent. Capabilities for predicting large-scale behavior are of interest and will be emphasized in 
simulations.
As noted, there is an almost limitless range of HMEs that can be formulated.  We plan to continue to charac-
terize more HME materials, including materials that cannot be characterized with an MI system.

III. RELEVANCE AND TRANSITION

A. Relevance of Research to the DHS Enterprise

1. If we can characterize HMEs 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. The metrics involved include: mass of material necessary for characterization, 
time necessary to perform tests, and number of explosive compositions characterized.

2. Transferring detonation and composition information and modeling data to users, small companies 
such as RMSL and national laboratories (SNL, LLNL), will be signi icant to the DHS enterprise. Ed-
ucating highly trained personnel for those labs will also be signi icant to the DHS enterprise. The 
metrics for transferring data includes the number of laboratories and companies to which data and 
techniques have been transferred.

B. Potential for Transition

We are transitioning our testing approach and test data to both companies (e.g., RMSL) and national labs 
(SNL and LANL), to assist them in their research and technology development.

C. Data and/or IP Acquisition Strategy

Our technical approach is described above.

D. Transition Pathway 

The data collected and models developed will help end-users assess the threats of various HMEs.  We are 
engaging with small businesses, such as RMSL, and national labs, such as SNL, LANL, and Eglin AFB directly.  
Students are doing internships now at the labs and will likely take permanent positions when they graduate. 

E. User or Customer Connections

• Cole Yarrington (SNL), mentored David Kittell
• Scott Jackson (LANL), mentored Nick Cummock
• Brian Bockmon (RMSL), Founder 

IV. PROJECT ACCOMPLISHMENTS AND DOCUMENTATION 

A. Education and Workforce Development Activities

We are involved in workforce development and education in many ways, including:

ALERT 
Phase 2 Year 3 Annual Report

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

Project R1-B.2



1. Student Internship, Job, and/or Research Opportunities
a. David Kittell interned at SNL last summer and is now employed there following the completion 

of his PhD in January 2016. He performs modeling related to this project.
b. Nick Cummock interned at LANL. He used our MI methods on HME materials of interest to both 

DHS and DOE.
2. Interactions and Outreach to K-12, Community College, and/or Minority Serving Institution Stu-

dents or Faculty
a. Mentoring a local Chemistry high school teacher with a CSS/CI outreach program titled, “Rocket 

Design, Construction and Engine Synthesis.”

B. Peer Reviewed Journal Articles 

Pending-

1. Kittell, D. E., Cummock, N. R., and Son, S. F. “Reactive Flow Modeling of Small Scale Detonation Failure 
Experiments for a Baseline Non-Ideal Explosive.” Journal of Applied Physics. In Review.

C. Other Presentations 

1. Seminars
a. Cummock, Nick. “Small Scale Explosive Characterization using Microwave Interferometry.” 

Wright-Patterson Air Force Base, April 22, 2016.

D. Student Theses or Dissertations 

1. Dr. David Kittell, PhD in Mechanical Engineering, Purdue University, January 2016, “Analysis and 
Simulation of Small Scale Microwave Interferometer Experiments on Non-Ideal Explosives.”

E. Software Developed

1. Models 
a. We are developing a model for ANFO that is built on ignition and growth.  This is discussed above 

in detail.  Once developed, others can implement it in CTH or similar codes using our calibrated 
model.
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