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Capabilities for High Explosive Pulsed Power Research at Los Alamos National 

Laboratory 


1. H. Goforth, H. Oona, D. G. Tasker, 
R. G. Watt, W. L. Atchison, and C. L. Rousculp 

Abstract 

Research on topics requiring high magnetic fields and high currents have been pursued 
using high explosive pulsed power (HEPP) techniques since the 1950s at Los Alamos 
National Laboratory. We have developed many sophisticated HEPr systems through the 
years, and most of them depend on technology available from the nuclear weapons 
program. Through the 1980s and 1990s, our budgets would sustain parallel efforts in z­
pinch research using both HEPr and capacitor banks. In recent years, many changes 
have occurred that are driven by concems such as safety, security, and environment, as 
well as reduced budgets and downsizing of the National Nuclear Security Administration 
(NNSA) complex due to the end of the cold war era. In this paper, we review the 
teclmiques developed to date, and adaptations that are driven by changes in budgets and 
our changing complex. One new Ranchero-based solid liner z-pinch experimental design 
is also presented. Explosives that are cast to shape instead of being machined, and 
initiation systems that depend on arrays of slapper detonators are important new tools. 
Some materials that are seen as hazardous to the environment are avoided in designs. 
The process continues to allow a wide range of research however, and there are few, if 
any, experiments that we have done in the past that could not be perform today. The 
HErr firing facility at Los Alamos continues to have a 2000 lb. high explosive limit, and 
our 2.4 MJ capacitor bank remains a mainstay of the effort. Modem diagnostic and data 
analysis capabilities allow fewer personnel to achieve better results, and in the broad 
sense we continue to have a robust capability. 

Introduction 

Los Alamos National Laboratory has a long history of magnetic flux compression (MFC) 
and HErr work. This paper will review teclmiques and systems developed in the past. 
This sets the stage for discussion of the impact of reduced R&D funding, downsizing of 
the NNSA complex, and increased awareness of safety, security, and the environment. A 
few cases will be discussed in which new techniques are replacing methods that are no 
longer practical. Current HErr efforts at Los Alamos are mentioned, and a description is 
given of a new system uncler development. Finally, we will summarize the existing 
capabilities that allow a complete range of HErr work with affordable techniques that 
will continue to be available into the future. 



Historical Review 

Any historical review of Los Alamos HEPP should start with the work of Max Fowler, 
Bob Caird, and Wray Gam. From the mid 1950s, flux compression experiments were 
conducted for plasma and high magnetic field research. Flux compression tools at the 
time consisted of basic components such as commercial sheet explosive, simple 
machined high explosives (HE), detonators, and plane wave lenses. At that time these 
were used in large quantities throughout the lab, and were both inexpensive and readily 
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Figure 1. Magnetic fields generated 
using Max Fowler's one and two 
stage strip generator systems. 
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Figure 2. Currents in 1974 plasma 
radiation source experiment. I, 
(peak ~18 MA) is the ballast load 
current and 12 (peak - 8 MA) is the 
load current. There was no 
opening switch in this experiment. 

available. In spite of their simplicity, Max's two-stage 
strip system would generate ~ 3 MG fields, as shown 
in figure 1. The onset of plasma radiation source 
(PRS) development in the early 1970s was one of the 
major driving forces leading to HEPP advances. The 
initial experiments were funded by the U. S. Air Force, 
and utilized parallel plate MFC generators (plate 
generators) with a "ballast load" to complete the circuit 
until the plasma z-pinch implosion load was switched 
into the circuit. In the first shot in 1974, ~26 MA were 
generated by three plate generators in parallel. Figure 2 
shows that in this experiment, 18 MA was the peak 
CUlTent in the parallel "ballast" load, and only 8 MA 
went into the plasma z-pinch load. The load CUlTent 
rise time was ~3 ~s. Los Alamos continued the 
development of HEPP driven PRS systems in the early 
1980s, and opening switches for pulse compression 
became a priority. Every new system after 1982 had 
some type of opening switch as part of the circuit. The 
plasma z-pinch work culminated in 1994-1995 with 
the Procyon system, which produced 1.7 MJ of soft x­
rays. The system used a MK-IX helical generator to 
produce ~16 MJ magnetic energy, and explosively 
formed fuse (EFF) opening switches that operated at 
~2 TW for 3 ~s. Plasma flow switches were also 
developed for Procyon, and these allowed 500 ns load 
CUlTent rise times. However, it was found that long 
time scale (~2 ~s) implosions were adequately stable, 
and the best radiation producing tests used only EFFs 
for pulse compression. Figure 3 shows CUlTents from 
three Procyon tests. The difference in load CUlTent 
between the 1974 and 1994 tests seems small. 
However, the Procyon load was ~30 nH in contrast to 
only a few nH for the 1974 experiments. This increase 
was due, in part, to the opening switch transmission 
line inductance and in part to radiation baffling 

necessary to prevent restrike of the vacuum dielectric interface. That interface failed in 
the 1974 test, and solutions were found subsequently by the Air Force Research 
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Laboratory Shiva program. The solution came at the price of higher inductance 
transmission lines. The pulse compression scheme that allowed the 16 MJ store to be 
tapped and the radiation baffling that allowed the transmission lines to remain open while 
energy flowed to the load from the store, are the major accomplishments of the 20 year 
period. The radiation baffling techniques were pioneered by the Shiva program and 
adapted to Procyon. There were many HEPP developments at Los Alamos between 1982 
and 1994. Generator developments included plate generator optimization, the MK-IX 
generator, and sweeping wave coaxial generators. Opening switch developments 
included plasma compression opening switches, EFF opening switches, and plasma flow 
opening switches. There were also several closing switches investigated, and cylindrical 
detonation systems became operational. In addition, in the early 1990s, Bruce Freeman 

was developed for solid liner z-pinchFigure 3. Currents from 3 Procyon PRS 

experiments. The upper curves (20-25 MA) are experiments. During development phases, 

currents in the ~72 nH storage inductor, and the we demonstrated that Ranchero generators 

lower curves (13-15 MA) are load currents. 
 would produce over 50 MA. Ranchero used 

slapper line detonators developed in the early 1980s combined with cast-to-shape 
explosives for cost effectiveness. Liner tests performed in 1999 were in support of the 
Atlas program, and 18 MA was delivered to a solid liner to demonstrate a particular 
insulator design and methods for diagnosing it. All diagnostics functioned properly on 
the test, and the insulator proved adequate. The test also indicated that liners could 
become unstable in this drive scenario. The experiments above are all described in 
papers that can be found in this Megagauss conference series or in the IEEE Pulsed 
Power Conferences, and show a progression of systems designed for powering ever 
larger z-pinch experiments. For a time, budgets were robust enough to support parallel 
capacitor bank powered research as well. During the period when HEPP experiments 
were using the Laguna and Procyon systems, Los Alamos built and conducted tests with 
the Pegasus capacitor bank. This allowed research on load physics topics at an increased 
shot rate. Both plasma z-pinch and solid liner z-pinch work were performed on Pegasus, 
and its success helped justify the Atlas capacitor bank, which was under construction 
during the Procyon HEPP experimental program. It was a major factor in justifying 
Ranchero development. Ranchero generators could perform implosion experiments to 
pave the way for Atlas work, and then go on to energy levels beyond. 

Reduced R&D Budgets 

Diminishing budgets at the end of the cold war, however, gave way to cutbacks in these 
parallel efforts. Procyon successes in producing soft x-rays in 1994 and 1995 were well 
documented. With the Sandia z-machine to be operating by ~1996 for PRS work, and 
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and others developed the CN-III 
simultaneous coaxial generator, which 
delivered 160 MA to a 2 nH load. By 1995, 
we depended on a full range of 
sophisticated HE techniques, many of 
which were borrowed from the nuclear 

l >~f 16 weapons program. From 1996 to 1999, the 
TIME (J.u) Ranchero simultaneous coaxial generator 
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Downsizing the Complex 

a move to 

to "downsize in place," meaning 


with most of its original capability, 

model is now favored. In this model, 


up ability to perform all the 

Cost Effective RepJacements 

a natural consequence to keep cost experiments cOmpetitIve, 
over a decade we have been working on new techniques that offer Ranchero 



Safety, and Environment 



and more rigor in assuring 
to the 

harmless, or at acceptable in 
unacceptable. A example is the use 

as a and 
lU.... ,lU0, which frequently 

generated. Our sweeping wave coaxial generator, 
copper stator that was inexpensive to build in a complicated 

1v,",''"''''''-' to be thin to onto a mandrel for the process to work. To provide 
extra mass inexpensively, a sheet of lead was wrapped on the outside the stator. This 
technique could not be justified in the modem environment, and a substantially more 
expensive, lead free, manufacturing technique would have to be used. Another 
environmental example is use tritium in experiments. joint 
Alamos/VNIIEF MAGO experiments in 1994 used a 100 tritium which was 
automatically permitted then. At this time, it would most likely possible to 1"'\prTr....-r"n 

same but a permit would have to be obtained. major is the 
of experiment and to do those we would to them, file for a 

permit, and then wait the permit in order to proceed. time, and in some 
cases from proposed. is another that is treated 
with more care than previously at explosives firing sites in Alamos. 

of 2000 an extended drought, a started 
400 

may be 
explosives events. There is now a monitoring 

that provides propagation conditions, and this information is given to 
laboratory the particular experiment and 
depending on other T'>C"i-r.,r" and shrapnel, allow or deny pennission to 

a shot.. In some cases, ext:en:Sl steps are taken to assure with high 
that a will not likelihood that we can 

conduct the experiment at the time of our choice, but it adds and cost to shots 
where it is required. The impact all of these concerns is to slow related 
research and increase the cost. 

Current Programs 

HEPP continues at Los Alamos. In this conference, there is a by 
reporting progress on isentropic compression a paper by 
Oona3 describing some of the on-going Ranchero development work. In addition, 
is a new program beginning that will use Ranchero for 
For we will use a 1.0 m 
opening switches to carry current during the to 
pressure from the load. A new 1 m detonator is developed. 

4 shows calculations of the the capacitor 
current peaks at ~4 MA and flS. At that time the armature begins to move in 
Ranchero In we are including a layer of insulation between 
output glide plane and the armature. circuit is via postholes that connect 



the armature to the outer transmission line through EFF opening switches. When the 
annature starts to move, it Sh011s the insulation at the glide plane and current can flow out 
the glide plane to the load.· At this time, the EFFs are actuated and the parallel path 
tmough the EFFs becomes relatively high impedance. Current quickly dies in that leg as 
flux transfer occurs to the load circuit, and all the current amplification due to flux 
compression is delivered to the liner load. The peak liner current is expected to be ~40 

MA, as show in the figure. A cross section of 
the system is shown in fig. 5. The EFFs in this 
circuit will have to dissipate ~160 kJ, which 
can easily be done by four parallel switches 
that are 6.35 cm wide and have an active 
length of 7.4 cm. These switches have been 
shown to interrupt 1 MA in experiments in the 
past, and so four of them will suffice for this 
system. One preliminary experiment will be 
conducted to test the EFF switches, the post 
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Figure 4. Currents calculated for a new switch, and current joints that will be required 
Ranchero powered liner experiment. Black is to operate at 40 MA on actual liner 
the bank current, red the generator current experiments. We had tmee 1.4 m long 
and green the liner current. armatures left over from previous Ranchero 

work, and one of these was recently tested to see ifit still functioned properly. It did, and 
we will use one of the remaining armatures for this preliminary test. This will allow us to 
proceed with testing while we finish the development of our new 1 m detonator. 
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Figu re 5. Cross section of a new Ranchero system. The glide plane closing switch, EFF opening 
switches and postholes, and current joints shown are all important features of the new configuration 
that will be tested using a 1.4 m long armature available from past experiments 

Capabilities and ConcJusions 

In spite of the many changes at Los Alamos, we retain a full range of capabilities. A 
complete complement of diagnostics exists that can be used at our facilities at any time. 
These include Faraday rotation current measuring systems, YISAR and PDY systems, a 
range of x-rays from 150 kY to 1 MY, both electronic and rotating mirror cameras, and a 



good complement of digital recording instruments. Our 2.4 MJ bank remains one of the 
lXV'",""'",,> mobile recording when 

to allowing us to 
and and our digital 
At the end of Max Fowler's 

a 1.5 bank, 
Today, 

with 100 
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