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About the cover: Scanning electron micrograph (SEM)  
of the unstable interface in a Richtmyer-Meshkov hydro-
dynamic experiment performed using the OMEGA laser, 
showing a portion of the cylindrical target before the experi-
ment. The laser strikes a layer of epoxy left of the figure and 
drives a strong shock into the cylinder, causing  
an implosion and initiating instability at this interface.The si-
nusoidal perturbations, machined into a thin aluminum layer, 
have a wavelength of 9 µm and peak-to-peak amplitude of 2 
µm. SEM courtesy of Norm Elliott, MST-7.

Correction: The “Backward Glance” in the September/
October 2003 issue stated that George Gamov remained a 
Russian citizen after he fled the Soviet Union in 1933. 
In fact, he and his wife Rho (Luybov Vokhminzeva) became 
naturalized American citizens as soon as possible. They were 
proud of their American citizenship and traveled widely with 
their American passports. Only under Soviet law and in that 
territory did they remain Russian citizens. (We thank George’s 
son, Igor, and his wife Elfriede for this information.)
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backward glance
World War II Code Words

Many people are familiar with some of the  
code words used at Los Alamos during World War 
II—Fat Man, Little Boy, and Trinity.  
Here is a sampling from the many others  
created during that time.

25  .....................235U

49   ....................239Pu 

Batch   ................Material sent to Tinian Island
 in the Pacific

Bowery  .............Shipments of replaceable 
 material sent to Tinian Island

Bronx ................Shipments of irreplaceable
 material sent to Tinian Island

Camel ................California Institute of Technology
 Program to produce high explosives 
 for implosion assemblies

Centerline ..........Center Line, Michigan,
 Naval Ordnance Plant

Clearcreek .........Teletype designation for
 Los Alamos; used after each combat  
 drop and for Operation Crossroads  
 communications

Clementine ........Plutonium fast reactor

Destination ........Tinian Island (from which the 
 Enola Gay and Bockscar flew their  
 respective combat missions); used  
 for teletype transmissions after each  
 combat mission

Dogpatch ..........Oak Ridge, Tennessee

Henry Farmer ....Enrico Fermi

James Baker  ......Aage Bohr

Jumbo ...............216-ton containment vessel
 designed to recover plutonium  
  at Trinity site

Kingman ............Wendover Field, Utah; training
 ground for the   combat de-
livery of   Fat Man and Little Boy

Kit .....................Supplies and tools used to assemble
 Fat Man and Little Boy on 
 Tinian  Island

Nicholas Baker ...Niels Bohr

Pit .....................Core and tamper of the Trinity
 device and Fat Man

Pit Team ............Team assigned to assemble both 
 the Trinity device and the Nagasaki  
 Fat Man bomb

Postum ..............Polonium

Product 89 ........Crystalline boron of normal
 composition

Pumpkin ............Fat Man ballistic shape filled with
 high explosives used for test drops

Sandy Beach ......Salton Sea, California; used for 
 sea-level drop  tests of early Fat Man  
 and Little Boy devices

Soda Pulp ..........Bismuth

Thin Man ..........Early design of Little Boy
 
Tuballoy ............Natural uranium 

Uncle Nick ........Niels Bohr

Vitamin B ..........10B

W-47 .................Wendover Field, Utah

Roger Meade, 667-3809, rzxm@lanl.gov
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Pointof
View

John D. Immele 
Deputy Director
National Security

The recent restructuring of responsibilities for  
the Laboratory’s nuclear weapons activities will  
give us much stronger program integration and 
should help the people who run these programs  
set priorities more effectively. Because this is a  
fundamental change in the management of the  
Laboratory’s key mission areas, I asked for this  
opportunity to set down some of my thoughts 
about why we are doing this and to discuss the  
benefits that the Senior Executive Team expects.

By now most of the Laboratory and its customers 
know that we have created an additional weapons  
directorate, headed by a Principal Associate  
Director for Nuclear Weapons Programs  
(PrADNWP). This new AD has programmatic 
responsibility for the entire nuclear weapons  
portfolio at the Laboratory and chairs the weapons 
Program Integration Board (PIB), reporting to  
Director Nanos and to me. The NWP Directorate, 
led by Don McCoy as acting AD, will take on  
several key roles, including overall allocation of  
resources for the nuclear weapons program and 
portfolio integration through the PIB. The new  
AD will balance priorities and ensure execution of 
program deliverables.

The directorates for Weapons Physics, Weapons En-
gineering and Manufacturing, and Operations con-
tinue to plan and carry out all the work in their line 
divisions. Importantly, the intellectual vision driving 
our nuclear weapons work will continue  
to come from these ADs and their division leaders.

What motivates this change?
In the year-plus since Pete Nanos became director, 
Laboratory management has increased its emphasis 
on project management and timeliness in delivering 
products, whether a key experiment, an important 
research finding, or a component manufacturing 

milestone. We believe the weapons program must 
transform itself into a structure in which managers 
make decisions more efficiently and effectively, man-
age programmatic risks with a clearer vision of out-
comes, and provide clear, timely accounting to our 
customers and to ourselves. We want to see, within 
a very short time, major improvements in commu-
nications and in carrying out the program and line 
management missions.

Changing Structure and Responsibilities
Obviously, these are stretch goals, but I think they 
are attainable through better teamwork and the  
delineation of responsibilities offered by the new 
structure and the new AD position. Don McCoy,  
as acting PrADNWP, will be responsible for overall 
allocation of resources within the nuclear weapons 
program and for portfolio integration through the 
PIB; the Planning and Integration Office will report 
to Don. The new AD will balance priorities, using a 
risk-based approach, and then review the execution 
of program deliverables. In addition, the PrADN-
WP will oversee weapon-specific Directed Stockpile 
Work (D6), which includes the reliability replace-
ment warhead (previously referred to as the robust 
warhead) and related work in the Office of Military 
Applications. 

For the present, we are asking the Deputy ADs for 
Experimental Physics, Advanced Simulation and 
Computing, Manufacturing, and Operations to  
remain “dual-hatted” as program directors and 
line managers. Their new role will be to administer 

the weapons program must 
transform itself into a structure 

in which managers manage 
programmatic risks with 

a clearer vision of outcomes
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RMI— The Study of a Convergent 
Hydrodynamic Instability

Inertial confinement fusion (ICF) is achieved by 
imploding a small, hollow sphere filled with a 
mixture of deuterium (D) 
and tritium (T) chilled to 
cryogenic temperatures. 
The implosion compresses 
and heats the DT fuel to the 
point that D-T fusion reac-
tions occur and energy is 
released. In this multilayer 
system of shell, frozen DT, 
and DT gas, the interfaces 
between layers are  
hydrodynamically unstable 
when the interfaces are  
accelerated or shocked. 
These instabilities can  
prevent fusion by mixing  
colder shell material with 
the hot DT fuel, which  
dilutes and cools the fuel.

This shock-driven  
instability is called the Rich-
tmyer-Meshkov  
instability (RMI) after for-
mer LANL staff member R. 
D. Richtmyer, who  
theoretically postulated  
its existence, and Soviet  
researcher E. E. Meshkov, 
who observed it experi-
mentally. Planar measure-
ments of the RMI have 
been made in conventional 

shock tubes and using large lasers (see Nuclear 
Weapons Journal, January-February 2003, p. 4). 

However, the RMI is  
expected to behave differ-
ently in a converging  
system such as an ICF  
capsule. The effect of  
convergence, generally  
referred to as the Bell-
Plesset effect, theoretically 
amplifies the growth rate of 
instabilities during  
implosion. At Los Alamos, 
we measured the growth  
of the RMI in a cylindrical 
geometry to capture the  
effects of convergence while 
retaining the ability to 
measure the growth of in-
terfacial perturbations with 
a line of sight along the in-
terface.

In collaboration with  
scientists from the UK’s 
Atomic Weapons Establish-
ment, we are conducting 
experiments on the  
OMEGA laser (Figure 1)  
at the University of  
Rochester’s Laboratory for 
Laser Energetics (LLE). We 
use 50 laser beams with  
18 kJ of energy to implode 
a small, hollow, epoxy   

Figure 1. The OMEGA laser produces up to  
30 kJ of 351-nm light in a 1-ns-long pulse.  
The target chamber is fully instrumented with 
diagnostic instruments from Los Alamos,  
LLNL, LLE, and others.

Figure 2. The target is a 2.25-mm-long x 1-mm-
diameter cylinder. The outside is epoxy filled 
with low-density foam; the aluminum marker 
band is clearly visible. The target is mounted on 
a stalk for positioning within the target cham-
ber. Additional backlighter foils are attached to 
the cylinder. Background is a postage stamp.

Nuclear Weapons Journal Winter 2004
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the signature of instability 
growth is the increase in 

marker-layer width during implosion

cylinder (Figure 2). Embedded within the cylinder  
is an aluminum marker band, and at the center  
of the cylinder is a low-density foam. The epoxy/
marker and marker/foam interfaces are both  
RM-unstable.

Instabilities grow from small but unavoidable  
imperfections that act as seeds. In this experiment, 
a controlled surface perturbation was machined 
into the outside surface of the aluminum marker 
layer (Figure 3). The surfaces tested ranged from 
a perfectly smooth surface (root mean square 
greater than 20 nm), to a sinusoid in either the 
azimuthal or lengthwise direction, to a randomly 
rough surface. Perturbation growth by RMI is  
induced by a Mach 10 shock launched by rapid 
(about 1 ns) laser heating of the outside of the 

cylinder. The cylinder implodes, reaching mini-
mum volume (a convergence ratio of 5 to 1) in 
about 6 ns.
The signature of instability growth is the increase 

in marker-layer width during the implosion, as 
measured by x-ray radiographs. An extended 
source of x-rays is produced by five OMEGA  
laser beams striking a thin iron backlighter foil. 
The x-rays traverse the target, scatter, are ab-
sorbed, and result in a shadow image of the 
target. The image is captured by a fast framing 
camera  
(see Fast Framing Cameras, p. 4) that records 
up to 16 images within 1 ns. The marker band 
shadow is a dark ring in the image. The width of 
the ring, after correction for parallax effects, is a 
direct measure of instability growth (Figure 4).

Recent experiments show that the RMI behaves 
differently in a convergent geometry than in a  
planar geometry and is in qualitative agreement 

observing perturbation growth 
with convergence in the important 

turbulent regime opens 
a new area of research

Figure 3. Scanning electron micrograph of the 
aluminum marker layer. A 9-µm wavelength si-
nusoid was machined into the marker layer. The 
cylinder axis is oriented vertically and is  
to the right side in the figure.

Figure 4. Sample radiograph of one frame of data. 
The dark band is the shadow of the marker band. 
The bright center area is the more transmissive 
foam, and the bright area outside the marker is the 
transmissive epoxy. The width of the dark band is a 
direct measure of instability growth.

Winter 2004 Nuclear Weapons Journal



Winter 2004  Nuclear Weapons Journal�

Fast Framing Cameras

Inertial confinement fusion 

experiments occur very 

quickly. The entire implosion 

is complete within a few 

nanoseconds. Fast framing 

cameras were developed to 

record multiple two-dimen-

sional images of extremely 

short duration. The figure 

shows 16 images from the 

same laser shot. Each image 

was formed by a simple 

pinhole lens. The x-rays 

were con-verted to elec-

trons using a microchannel 

plate. The electrons struck a 

phosphor that emitted light 

recorded on photographic film. The microchannel plate is energized, or gated, by a fast electrical 

pulse so that each image is shuttered open for only 60 ps. All 16 images were recorded in less than 

1 ns. Fast framing cameras have become the standard diagnostic for ICF and high-energy-density 

physics experiments due to their high spatial resolution, fast time-gating, and ability to record x-

rays with energies between 1 and 10 keV.

with Bell-Plesset theory. In planar experiments, 
the growth of the RMI saturates and perturbation 
growth slows. In the cylindrical experiments, no  
evidence of saturation is seen; the perturbations  
continue to grow linearly. The instability growth 
rate also was observed to depend on initial pertur-
bation wavelength. That is, shorter-wavelength  
perturbations grew faster than longer-wavelength 
perturbations, until the wavelength became very 
short, in this case only 2.5 µm. The growth rate of 
these short wavelength perturbations is retarded, 
which is characteristic of a transition to a turbu-
lent regime early in time.

Laser-driven cylindrical implosions provide  
valuable data in the dense plasma regime in  

convergent geometry that is inaccessible in  
conventional shock tubes. The use of an initially 
solid marker band allows controlled engineering 
of a range of surface imperfections. Recent results 
suggest that convergence significantly modifies the 
way in which perturbations grow and the way in 
which their growth rate saturates. The ability to 
observe perturbation growth with convergence in 
the programmatically important turbulent regime 
opens a new area of research that has been little 
explored. The effect of convergence is postulated 
to amplify turbulent fluctuations (as do shock 
waves interacting with a turbulent layer), modify-
ing the way in which growth proceeds. Æ

Steve Batha, 665-5898, sbatha@lanl.gov 
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we believe these Taylor shots 
present strong evidence 

that a pressure-induced phase 
transition is responsible for 
the brittle transition in PTFE

Polytetrafluoroethylene (PTFE) was discovered on 
April 6, 1938, by Dr. Roy Plunkett at the DuPont 
Jackson Laboratory in New Jersey. This polymer 
resin was first marketed in 1945 under the DuPont 
Teflon trademark. PTFE is the most popular of the 
flouropolymers, finding applications ranging far  
beyond its well-known use on nonstick cookware.

Although PTFE is commonly used in industry and 
engineering, its mechanical response has received 
relatively little study in recent years. We designed 
an experiment to study PTFE’s responses to  
impact. To analyze our test results, we need to take 
into account PTFE’s complex characteristics and 
behavior.

PTFE Material Properties
PTFE is an unusual plastic in many ways: it has the 
lowest coefficient of friction of any stable material 
and the lowest dielectric loss; its electrical resistivity 
is among the highest known in materials; and it  
retains some measure of ductility (~3% to 5%) at 
liquid helium temperatures. Under quasi-static 
loading at room temperature, PTFE will fail at 
600% to 700% engineering strain in uniaxial  
tension. It is surprising, therefore, that such a duc-
tile polymer should undergo an abrupt ductile-brit-
tle transition when impact-loaded at quite modest 
rates. Previous authors have commented  
on the sometimes “brittle” nature of PTFE, but to 
our knowledge no explanation has been postulated  
until now.

In addition to PTFE’s other complexities, it  
exhibits at least four phase changes, depending  
on combinations of temperature and pressure.  
In addition, PTFE always contains a mix of  
amorphous and crystalline regions, so it is not  
possible to manufacture fully amorphous or fully 
crystalline PTFE. At atmospheric pressure, below 
19 °C, PTFE has a triclinic crystalline structure 
(II). Above this temperature, it undergoes a first-

order phase transition into a hexagonal structure 
(IV), exhibiting a 1.8% volume increase. A second-
order transition occurs at 30 °C into a pseudo- 
hexagonal (I) structure. From 30 °C until melting 
(321 °C for once-melted material, 341 °C for virgin 
moulding powder), a general relaxation of the crys-
talline structure occurs until, given infinite time, a 
fully amorphous state is reached.

A pseudo-equilibrium, pressure-induced phase tran-
sition (III) has been reported in PTFE at  
~0.65 GPa at room temperature. This transition  
is strongly temperature-dependent; however,  
considerable hysterisis was noted, leading to large 
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error bars. It is also evident that there is disagree-
ment among researchers regarding the exact pres-
sure at which the phase transition occurs. Recent 
work at Los Alamos, using a diamond cell anvil and 
Raman spectroscopy, suggests that the transition 
occurs at 0.65 GPa and exhibits around ±0.5 GPa 
of hysterisis. The pressure-induced phase transition 
results in an estimated 2% volume change.

Testing PTFE’s Response to Impact
Several companies around the world manufacture 
PTFE. The material chosen for this study was  
DuPont Teflon, grade 7A. A single large billet  
was manufactured from 7A moulding powder,  
and all samples were machined from this billet.  
Prior testing had shown that the billet’s isotropic 
properties were adequate to our requirements.

We chose the Taylor configuration to perform our 
controlled impact experiments. This setup involved 
firing a 2-in.-long, 0.3-in.-diameter right cylinder 
of PTFE at a large, flat-faced steel anvil. The front 
face of the anvil was highly polished and was lubri-
cated with a thin layer of synthetic oil containing 
colloidal PTFE. This was done to minimise the fric-
tional forces opposing expansion of the rod  
end that might otherwise prevent tensile cracking. 
The launching gun and anvil arrangement  
enables accurate alignment, velocity timing,  
and high-speed photography of the impact. In  
our Taylor gun the temperature of the sample  
may be altered from -100 °C to +200 °C. 

An Imacon 200 high-speed camera was used to 
photograph the shots. This camera is capable of 
taking up to 16 frames at a maximum rate cor-
responding to 200 million frames per second. The 
exposure time and inter-frame time (IFT) of each 
exposure are fully programmable. In these experi-
ments, 14 frames were used with a 500-ns exposure 
time and a 15-µs IFT. The sample velocity was 
measured using the time between interruption of 
two laser beams.

Ductile-Brittle Transition
Taylor samples were found to exhibit an abrupt 
ductile-brittle transition. For example, a PTFE  
cylinder that is ductile at 133 ms–1 is suddenly  

brittle at 134 ms-1. This marked change in response 
occurs with only a 1-ms-1 change in velocity at  
21 °C. By firing a number of samples at close to 
the critical velocity, we can find a statistically valid 
threshold velocity. We decided to see whether the 
pressure-induced phase transition in PTFE might 
play a part in this behavior. To do this, we used the 
temperature capability of the gun. As previously de-
scribed, the pressure-induced phase transition point 
is highly dependent on temperature. If the ductile-

Typical impact of a cylinder of PTFE on a flat-faced 
steel anvil, recorded with an Imacon 200 high-speed 
camera with a 500-ns exposure time.

Winter 2004  Nuclear Weapons Journal

Results for a 
simple finite 
element 
analysis 
model of a 
PTFE Taylor 
cylinder 
traveling  
at 135 ms-1  
3.51 µs after 
impact. At 
that time,  
a local pres-
sure of about 
0.5 GPa de-
velops at the 
front of the projectile—evidence that a phase 
transition is possible at velocities around those 
at which the ductile-brittle transition occurs.
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brittle response of the PTFE were related to the 
phase transition, a higher critical velocity would be 
expected as the temperature of the sample is low-
ered. In contrast, PTFE (like most polymers) gen-
erally becomes more brittle at lower temperatures; 
however, PTFE ductility is at a maximum at the 
19 °C first-order transition. If the phase transition 
is not playing a role, then a lower critical impact ve-
locity might be expected as the sample temperature 
is lowered or raised from room temperature.

The mechanical properties (for example, tension, 
compression, shear) of polymers are greatly influ-
enced by temperature. To minimize this effect,  
we limited the tested temperature range to between  
1 °C and 40 °C. The table below shows the  
ductile-brittle transition velocities that our  
experiment established. Clearly, the transition ve-
locity is getting higher as the sample is cooled, im-
plying that the phase transition is playing a role.
To establish whether this explanation is physically 

possible, Brad Clements (T-1) carried out a simple 
dynamic finite element analysis simulation. In this  
order-of-magnitude calculation, simple elastic-per-
fectly plastic deformation was assumed at an impact  
velocity of 135 ms-1. The results establish that  

Example of the abrupt ductile-brittle PTFE phase transition with change in projectile velocity at 21 ºC.  
The transition occurs with only a 1-ms-1 increase in the velocity of the PTFE Taylor cylinder. Both frames were 
taken 165 µs after impact.

approximately 3.5 µs after impact, a local pressure 
of ~0.5 GPa develops at the front of the projectile. 
This is evidence that a phase transition is physically 
possible at velocities around those at which the 
ductile-brittle transition is found to occur.

Definitive evidence of a phase transition during  
impact is difficult to obtain because flash x-ray  
crystallography would be required. Any post- 
experiment sample analysis is likely to be incon-
clusive because the phase transition is known to  
be reversible upon unloading. The ductile-brittle 
transition is certainly abrupt enough to be related 
to a phase transition. Given that the critical velocity 
of the Teflon 7A actually increased with lower  
temperature, the increase is further evidence of 
phase transition because, as reported, the fracture 
toughness of Teflon decreases at temperatures 
higher and lower than the 19 °C phase transition. 
While the strength of Teflon is increased at lower 
temperatures, the strain-to-failure is reduced.

In conclusion, we believe that these Taylor shots 
present strong evidence that a pressure-induced 
phase transition is responsible for the ductile-brittle 
transition found in PTFE, shedding light on the 
sometimes brittle nature of this fluoropolymer.Æ

Philip Rae, 667-4436, prae@lanl.gov

Sample Temperature 
(°C)

Ductile-Brittle Transition
Velocity 

(ms-1)

 1

21

40

139 ± 2

134 ± 1

131 ± 1
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IBA gives immediate answers  
to questions about long-term 

effects of radioactive decay 
in the nuclear stockpile

Ion beam analysis (IBA) is a nondestructive col-
lection of analysis techniques that quickly—usually 
in minutes—measure elemental concentrations as 
a function of sample depth by irradiation with an 
ion beam. In addition to analyses, an ion beam also 
may be used to “treat” samples, so that the effects 
of irradiation on materials can be studied. This  
latter capability is particularly suited to the Labo-
ratory’s mission of stockpile stewardship because 
over time, radioactive decay can induce chemical 
changes that may jeopardize the stability of  
materials used in the nuclear weapons stockpile.

The Ion Beam Material 
Laboratory (IBML) of 
MST-8 uses a 3-MV 
tandem accelerator to 
generate alpha particles 
up to 9.6 MeV and 
protons to just over  
6 MeV. This energy 
range permits analyti-
cal techniques that take 
advantage of scattering 
events between target 
and projectile ions in 
both coulomb- and 
nuclear-scattering re-
gimes.

Analysis Techniques
Coulomb scattering 
describes the inter-
action of a projectile 
ion with the positive 
field generated by the 
nucleus of a target ion. 
At energies as low as 
approximately 2 MeV 

and with low-atomic-number projectile ions, this 
type of scattering is well predicted and can be used 
to deduce elemental concentrations as a function 

of depth in a sample. This type of analysis is 
known as Rutherford Backscattering Spectrometry 
(RBS). Other techniques include elastic recoil  

detection analysis 
(ERDA) to measure 
hydrogen content  
and particle-induced  
x-ray emission  
(PIXE) to measure  
element-characteristic  
x-rays. Above a certain 
energy, high-energy 
RBS (HERBS) is per-
formed; HERBS allows 
enhanced elemental 
identification of light  
elements by using  
projectile ions to 
induce nuclear reac-
tions. The IBML uses 
HERBS to perform 
measurements of many 
low-atomic-number 
elements that may be 
impossible with other 
techniques.

Material Irradiation
The accelerator’s ability 
to produce helium ions 

Hydrogen isotope data from a fully loaded tritium 
film. The ERD measurement is made by impacting 
9.4-MeV doubly charged hydrogen particles on the 
sample. To separate the isotopes, the energy-loss 
signal is plotted against the total energy of the scat-
tered hydrogen nuclei. Trace amounts of deuterium 
and protium are caused by source gas and atmo-
spheric contamination.

Materials for Weapons Applications
Ion Beam Analysis

and Irradiation of

� Winter 2004  Nuclear Weapons Journal
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Lithium hydride is exposed to a gas stream with 250 
ppmv of decarbonated water for increasing amounts 
of time. The RBS spectra show growth of the oxygen 
layer and carbon contamination, and the diminishing 
peaks of the two lithium isotopes. Oxygen content and 
exposure time are plotted on the inset graph.

at energies greater than 9 MeV allows researchers 
to mimic the effects of alpha decay as they relate to 
nuclear stockpile stewardship. For example, during 
the alpha decay of plutonium, an approximately 5-
MeV alpha particle ejects from the  

nucleus, with the residual atom (now uranium)  
recoiling at approximately 70 keV. If the particle 
interacts with surrounding gases and materials, the 
chemistry and integrity of the material may change 
over time. The IBML can accelerate this aging 
process through the use of a high-fluence beam, 
as well as avoid the 
radioactive contamina-
tion and waste that are 
created by conducting 
nuclear weapon aging 
studies with traditional 
techniques.

Neutron Tube  
Target Loading  
Verification
The ESA-TSE Neutron 
Tube Target Loading 
(NTTL) Program 
processes war reserve 
(WR) thin-film targets 
used  
in every weapon system  
in the nuclear stockpile;  
the targets are replaced  
periodically as part  
of the Limited 
Life Component 
Exchange Program. 
The NTTL process 
hydrides target films with a mixture of tritium and 
deuterium gas at a specific tritium-to-erbium ratio 

and at a total hydrogen isotope-to-erbium ratio. 
Hydrided targets are shipped for load verification 
to SNL/NM, where the total gas-to-metal ratio 
and the quantity of erbium on each target are 
quantitatively measured using destructive tech-
niques, i.e., thermal desorption, mass spectrometry, 
chemical dissolution (wet chemistry), and atomic 
absorption spectroscopy. LANL determines these 
same quantities and more, using IBA. The ratio of 
total hydrogen to erbium and of specific hydrogen 
isotopes to erbium are measured to high precision, 
as is oxygen content as a function of erbium layer 
thickness. Three IBA techniques are involved: 
ERDA, RBS, and HERBS.

ERDA is used to measure hydrogen isotopes. In 
this technique, hydrogen is recoiled out of the sam-
ple and collected in a two-detector system. The first 
detector measures an energy-loss signal that is used 
to separate the hydrogen isotopes; the second stops 
particles and collects residual energy. An absorber 

foil placed between the 
ERDA detector system 
and the sample prevents 
the high flux  
of forward-scattered  
alpha particles from  
swamping the  
system with a huge,  
unwanted background. 
Simultaneous measure-
ments of erbium from 
the RBS detector and 
hydrogen isotopes from 
the ERDA  
detector system  
provide yield ratios  
of hydrogen to  
erbium, which  
are converted to  
stoichiometric ratios  
by comparison to 
standards. A separate 
HERBS measurement 
performed at 7.6 MeV 
gives the oxygen-to-er-

bium ratio and the concentration profile of oxygen 
with depth.

experiments were conducted 
in a custom-built chamber, 

where the ion beam was passed 
through a thin window of 

titanium before interacting 
with the sample

Nuclear Weapons Journal Winter 2004 �
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Lithium Hydride Corrosion Studies
Materials that are incorporated into nuclear weap-
ons may not be at optimum compatibility with 
their surroundings. For example, lithium hydride is 
a highly reactive solid that generates several “prod-
ucts” when it is exposed to environmental contam-
inants; these products may have long-term  
effects. For example, hydrogen gas is  
generated from the 
reaction of lithium 
hydride with water, 
making the hydrogen 
available to react with 
other materials.

The IBML uses IBA 
to determine the  
kinetics of reactions 
that occur as lithium 
hydride corrodes. 
While other tech-
niques are available to 
perform these stud-
ies, IBA has two spe-
cific advantages: (1) it 
identifies the corrosion 
products and their 
thicknesses, and (2) 
the analytical depth 
and spot-size capa-
bilities are on a scale 
consistent with the 
crystalline structure 
of the lithium hydride 
material. Lithium hy-
dride grains can be 
many micrometers in  
diameter; ion beams 
show results for  
corrosion layers up to 
approximately 25 µm 
thick, depending upon 
measurement condi-
tions.

Lithium hydride is 
stored and prepared in 
an inert environment 

glovebox that interfaces directly with  
a portable lithium hydride exposure chamber. The 
chamber is connected to a gas manifold that  
allows humidified gases to flow over the lithium 
hydride. The exposure chamber also is connected 
to an IBA chamber; thus exposures and measure-
ments may be completed iteratively over long  
periods of time (days) without exposure to air. A 

range of water levels 
(as low as  
approximately  
10 ppmv) and a  
variety of gases can  
be used for exposures. 
Elevated temperature 
capabilities have  
been developed for 
heating the samples.  
Although analyses  
are conducted in a 
“general purpose” 
chamber that is avail-
able to all users, the 
IBML has dedicated  
a port to the lithium 
hydride corrosion  
experiments.

RBS measurements  
are used for element 
identification, quanti-
fication, and product 
stoichiometric deter-
minations. The RBS 
measurements may use 
varying beams  
and energies to  
maximize specific  
elemental sensitivities, 
e.g., analysis of  
carbon at 5.7 MeV 
with alpha particles. 
Other analyses  
include ERDA, to 
measure hydrogen  
isotope concentrations, 
and PIXE, to deter-
mine trace impurities.
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(top) A uranium sample was analyzed in both 2000 and 
2003 to determine oxidation rate and extent. The RBS 
spectrum measures the in-growth of oxygen into the bulk 
of the uranium, as shown by the respective decrease of 
uranium and growth of oxygen in the 2003 spectrum.

(bottom)Total oxide content can be modeled to 5% con-
centration levels by fitting the oxygen diffusion profiles 
in a bulk uranium sample. This method compares oxygen 
concentration with depth.
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Actinide Characterization
RBS techniques can be extremely sensitive when 
high-atomic-number elements are measured in a 
light matrix. In collaboration with NMT-16,  
experiments were designed to quantify small 
amounts of plutonium in a matrix of magnesium 
oxide. Magnesium oxide likely acts as an “envi-
ronmental sponge,” entrapping plutonium from 
aqueous solutions. The distribution of plutonium 
as a function of depth in magnesium oxide was de-
termined in order to understand how  
magnesium oxide incorporates actinides into its 
crystal structure.

Simultaneous 3-MeV RBS and PIXE measurements 
showed a distribution of approximately nanogram 
quantities of plutonium extending into the first sev-
eral thousand angstroms of the magnesium  
oxide matrix. The experiments were conducted in  
a custom-built chamber, where the ion beam was 
passed through a thin window of titanium before 
interacting with the sample. The thin window was 
used to isolate the chamber from the remainder of 
the accelerator, minimizing the potential for con-
tamination. Samples were mounted in the  
chamber at the Chemistry and Metallurgy Research 
(CMR) Building and delivered to the IBML for 
analysis. Thus, no direct contact with the samples 
was needed outside the CMR controlled area.

HERBS is used to track the growth of oxide thick-
ness on uranium. Using an enhanced cross section 
for oxygen at 7.6 MeV, the oxygen concentrations 
can be measured several micrometers into the ura-
nium.

Material Irradiation Studies
Actinides can emit approximately 5-MeV alpha 
particles during radioactive decay; these particles 
may induce chemical changes or create voids in 
surrounding materials that may reduce the lifetime 
of materials used in WR applications. Conventional 
compatibility experiments expose a material to a 
radioactive source and monitor the results by a  
variety of techniques. For example, evolved gas 
species resulting from radiolysis can be measured 
by mass spectrometry at regular intervals, or the 
sample can be removed to measure physical prop-

erties. The disadvantages of these types of  
experiments are that their effects may not be  
observed for many years, even if a highly radioac-
tive substitute source is used, and they produce 
radioactive waste and potential contamination.

In contrast, ion beam experiments can (1) accel-
erate alpha radiolysis so that studies are complete 
in hours or perhaps minutes, producing immediate 

answers to questions about potential long-term  
effects of radioactive decay in the nuclear stockpile; 
(2) eliminate radioactive waste and potential  
contamination, as solid radioactive sources are  
0not used;  and (3) provide in situ analytical  
information. Æ

Christopher Wetteland, 667-6133,    
 wetteland@lanl.gov
Joseph Tesmer, 667-6370, joe.tesmer@lanl.gov
Carol Haertling, 665-9058, chaert@lanl.gov

IBML Contact
Yongqiang Wang, 665-1596, yqwang@lanl.gov

Ion beam experiments 
can accelerate alpha radiolysis in 

hours or minutes, eliminate 
radioactive waste and 

contamination, and provide 
in situ analysis
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All the HE core surveillance tests described 
in this article take place at the BWXT Pantex 
Plant under LANL guidance and are the  
responsibility of the Directed Stockpile 
Work-Stockpile Evaluation Program.

LANL scientists and engineers first develop 
the test procedures, which are then imple-
mented at Pantex. LANL scientists, engi-
neers, modelers, and designers use the test 
results to assess the current health of the US 
nuclear weapons stockpile.

surveillance provides information 
on how HE ages that is critical 

to accurately predicting aging 
phenomena inside nuclear weapons

Stewardship of the nation’s nuclear stockpile  
presents unique challenges as weapons age beyond 
their originally intended lifetimes. These challenges 
include identifying and monitoring age-related 
changes in weapon components and determining 
which aging phenomena will eventually affect  
safety, reliability, or performance.

Surveillance activities, as executed under the  
Enhanced Surveillance Campaign (ESC) and  
Directed Stockpile Work (DSW), support Life  
Extension Programs and the Annual Assessment by 
determining when components must be replaced. 
High explosive (HE) surveillance under DSW is  
responsible for measuring properties of HE  
obtained from weapon systems removed from the 
stockpile explicitly for such purposes. The BWXT 
Pantex Plant near Amarillo, Texas, conducts  
surveillance on maincharge and booster HE  
according to LANL requirements. The HE in deto-
nators and actuators is packaged and shipped to 
LANL, where surveillance on those components is 
carried out. This article focuses on HE surveillance 
activities at Pantex.

The test protocol for HE surveillance at Pantex  
includes nondestructive and destructive techniques. 
Several HE properties must be measured to ensure 
that all possible signs of aging are monitored. De-
sign requirements call for charge shape, density, and 
composition to remain within specified limits. Addi-
tionally, HE must maintain structural integrity and 
mechanical strength.

Every main charge assembly is visually inspected as 
it is removed from the warhead. Technicians look 
for cracks, scratches, chips, discoloration, and any 
other irregularity. Handling during assembly and 
disassembly may cause some defects, while others 

Monitoring High Explosives Aging— 
 Partnering with Pantex
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from an ideal charge 
shape at a series of 
points covering the 
entire charge. Both 
inner and outer 
surfaces are gauged. 
Charges are ma-
chined to extremely 
tight tolerances, and 
the CMM can detect  
deviations of less  
than the thickness  
of a sheet of paper. 

After gauging is 
completed, the for-
ward and aft charges 
from two warheads 
are wet-machined 
to obtain specimens 

for additional testing. Common practice in HE 
machining is for water to continuously flow over 
the explosive and tooling to protect the safety of 
personnel and facilities. Mechanical test specimens 
must be thoroughly dried to eliminate the influence 

of absorbed water on mechanical strength. Quasi-
static tensile and compression tests are run at low 
and high temperatures to evaluate mechanical prop-
erties near the stockpile-to-target-sequence tem-
perature extremes. Ultimate stress, percent strain at 
ultimate stress, and elastic modulus are recorded. 
Mechanical properties vary from one HE lot to an-

are attributed to ag-
ing. All anomalies 
are photographed 
and recorded. Be-
cause conventional 
HE return charges  
(PBX 9501) are  
not reaccepted  
after surveillance, 
gross surface defects 
are detected with  
the aid of a blue dye  
solution. Insensitive 
HE charges (PBX 
9502), however, can 
be reinspected and  
reused, so visual  
inspection is done 
without dye. Com-
plete dye removal  
is difficult, and reaccepted charges cannot contain 
even traces of dye.

After each charge is visually inspected, its density 
is hydrostatically measured. The density is calcu-
lated by measuring forces present during “wet” and 
“dry” weighing. The dry weight is recorded first. 
Then a charge is placed in a wire basket and sub-
merged in a water bath containing a small amount 
of wetting agent. Once the charge is submerged, 
the wet weight is measured. Booster densities  
are similarly measured using a smaller basket and 
water bath. Since densities are typically reported  
to ±1 mg/cm3, a system capable of distinguishing 
density variations of ±0.1 mg/cm3 is desired. To 
achieve this level of accuracy, several sources of  
systematic and random error must be minimized. 
This is done by thoughtful design of the measuring  
system to eliminate the influence of factors such as 
waves and water surface tension, by frequent cali-
bration checks using a density master, and by oper-
ator diligence. Measured densities are compared to  
original values and accepted tolerances.

All charges are then gauged using a Coordinate 
Measurement Machine (CMM). Gauging is per-
formed to examine whether forces applied during 
weapon assembly cause the HE to change shape 
over time. The CMM measures surface deviation 

An HE machinist 
gauges a tensile 
specimen to 
check for  
tolerance.

Survelliance identifies and examines signs of aging in com-
ponents removed from weapons during disassembly  
at the Pantex Plant.
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other and must be considered when examining data 
for aging trends.

Specimens for chemical composition and binder 
molecular weight determinations are machined 
from several different locations within each charge  
to check for variations throughout the HE.  
Many factors such as trapped water, radiation,  
and chemical compatibility can degrade the  
constituents in HE formulations over time.  
The high explosive (HMX, TATB, or RDX)  
composition is measured gravimetrically. Binder,  
plasticizer, and stabilizer compositions are deter-
mined using high-performance liquid chromatog-
raphy. Binder molecular weight is determined using 
size exclusion chromatography/gel permeation 
chromatography equipped with a refractive index 
detector.  Booster compositions and binder mo-
lecular weights are also measured. Changes in com-
position can alter the performance of the HE, while 
molecular weight changes can also influence the 
safety and mechanical strength.

In addition to chemical and mechanical analysis, 
three small-scale tests are implemented to detect 
changes in thermal stability (two tests) and impact 
sensitivity (one test). 

To measure thermal stability, isothermal  
accelerated rate calorimetry is a measure of HE 
bulk thermal property, and differential scanning 
calorimetry (DSC) characterizes the HE and binder 
behavior. Operated in the modulated mode, DSC 
separates changes in heat capacity such as melting 
and glass transitions from kinetic transitions such as 
phase changes, decomposition, and  
binder endothermic relaxations. Both of these tests 
are used to identify if and when aged HE becomes  
less thermally stable.

Sensitivity changes can have consequences in the 
storage, transportation, handling, and deployment 
of weapons. Historically, surveillance chose not to 
measure HE sensitivity. The primary reason has 
been that HE sensitivity, as a measured property, is 
not well defined. Sudden decomposition can  
result from many different stimuli, and uncon-
trolled factors often challenge test reproducibility. 
During development, significant time, resources, 

A cylindrical specimen machined from a main 
charge high explosive is ready for quasi-static com-
pression testing.

A mechanical testing technician closes an environ-
mental chamber door and sets temperature before 
initiating a quasi-static tension or compression 
test.

High-explosive “dog bone” specimens after quasi-
static tension testing.
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and expense were devoted to characterizing the 
sensitivity of HE used in nuclear weapons. Experts 
felt that as long as the chemical and physical prop-
erties did not change 
with time, sensitiv-
ity also remained un-
changed. Although 
this assumption has 
held, the operational 
environment under 
which weapons  
research is now con-
ducted has changed 
significantly over the 
years. In response, 
surveillance has imple-
mented a small-scale 
sensitivity test. 

The drop-weight  
impact test examines 
changes in sensitivity 
due to mechanical  
impact. Many tests are employed in an attempt to 
characterize HE response to mechanical forces such 
as crushing, pinching, and scraping. All have advan-
tages and drawbacks. In the test, a small amount of 
HE is placed on a steel anvil, and a steel striker is 
dropped onto the HE. A microphone determines 
whether the HE reacted when the striker made 
contact. Subsequent drops are repeated, each time 

with a new HE sample and with the striker hoisted 
to a different height depending on the previous test 
result. Statistical analysis determines a 50% height, 
which is a height at which half of the samples 
would react if drops were repeated at that height. 
This drop-weight test establishes a good beginning 
on testing HE sensitivity.

Through strong collaboration with HE Enhanced 
Surveillance, DSW core surveillance activities are 
continuously being revised to establish a compre-
hensive program. New diagnostics are under  
development to detect aging effects as early and as 
accurately as possible. For example, efforts in ESC 
focus on developing additional sensitivity tests,  
especially those pertaining to safety and assessing 
changes with age. Surveillance provides LANL  
scientists, engineers, modelers, and designers with 
information on how HE ages inside weapons 
that is critical to accurately predicting HE aging 
phenomena and their impact on nuclear weapon 
 performance.Æ

Sheldon Larson, 667-
7854, larson@lanl.gov
Rob Bishop, 667-5271, 
bishop@lanl.gov

All photos courtesy of the BWXT Pantex Plant.
The dedicated individuals at Pantex are committed 
to maintaining the health of the nation’s nuclear 
weapons stockpile by providing quality measure-
ments of the properties of high explosives.

 

A chemical technician measures binder molecular 
weight using size exclusion chromatography/gel 
permeation chromatography.

A chemical technician loads the accelerated rate calo-
rimetry chamber.



The quest to do science-based 
prediction in support of nuclear 
weapons stockpile stewardship is 
an enormous challenge for two 
reasons: the complexity of the 
physics in the weapons and  
the current prohibition against 
testing full systems. A major  
issue in nuclear stockpile stew-
ardship is the need to develop 
computer codes that accurately 
simulate weapons behavior.  
Developing predictive capability 
in these codes requires validation 
science, which is a combination 
of experiments, theoretical  
physics models, and computer 
simulations that improve our un-
derstanding of weapons  
physics phenomena. Validation 
science examines one or several 
phenomena at a time to improve 
physics models or computational 
algorithms; in contrast, an inte-
grated test examines many weap-
ons phenomena simultaneously 
to adjust code parameters.

Credible Predictions
The credibility of our predictions 
depends on how well we do our 
science and interpret our calcu-
lations. Computer calculations 
designed to simulate weapons 
physics have limitations that 
must be determined accurately 
by science. As we all know, the 
scientific method is the sine qua 
non of increased understanding, 
and this methodology continues 
to be the essential tool we use  
to ensure our credibility about 
nuclear weapons computer 
codes. Well-designed scientific 

experiments—the cornerstone of 
the scientific method—produce 
data that stringently test a  
hypothesis based on a physics 
model. Such experiments not 
only enable us to test whether 
the model explains physical  
reality, but also help determine 
the limits of applicability of  
particular models and computa-
tional methods.

Computer Simulations
To effectively use computer  
simulations for stewardship,  
we balance baselining and code 
upgrading. Modern simulation 
codes are baselined (calibrated) 
primarily against nuclear test data 
and largely are used to calculate 
intermediate states of a system, 
up to and beyond criticality. 
Large-scale experiments to test 
precritical states are  
costly, integrated, explosive tests 
such as hydrodynamic tests  
(hydrotests). In addition to  
nuclear tests and nonnuclear  
integrated tests, we can perform 
less costly experiments that  
directly explore relevant weapons 
physics in the context of valida-
tion science. We design these  
experiments to upgrade codes 
and assess limitations. Because 
these smaller-scale nonnuclear 
experiments vigorously support 
science-based prediction by  
improving individual models and 
algorithms in the codes, they  
are essential to stewardship.  
A validation experiment  
frequently provides a definitive 
evaluation of a hypothesis and 
consequently becomes part  

of the bedrock of predictive  
science. In contrast, integrated 
tests usually are engineering tests 
that provide data used to adjust 
code parameters to fit those 
tests. However, they say little 
about the validity of individual 
physics models or computational 
methods. To ensure the physical 
reality of the final simulation, we 
must supplement baselining with 
an aggressive validation program 
specifically targeted at individual 
physical effects, such as fluid  
instability. Only in this way can 
we ensure credible science-based 
predictions that support our  
statutory responsibility for  
current and future stockpile 
stewardship. 

Supporting Stockpile  
Stewardship
In summary, the validation  
experiments must underpin  
science-based predictions that 
support the Laboratory’s nuclear 
stockpile stewardship mission. 
The health of such experiments 
is essential for invigorating the 
science within the Laboratory 
weapons program and for foster-
ing a culture of collaborative  
and cross-disciplinary research 
that is the heart and soul of  
Los Alamos.

Robert F. Benjamin,
    667-8116, rfb@lanl.gov

Sustaining Our Credibility: 
Balancing Experiments and Calculations
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the Nuclear Weapons Stockpile
Validation Experiments in Support of 

Experiments to validate physics models are the fun-
damental testing ground for science-based  
prediction, the Laboratory’s first goal for national 
security. These experiments are essential to the 
Laboratory’s mission of stockpile stewardship  
because they provide data needed to test and  
improve models, algorithms, 
and computational meth-
ods in large-scale simulation 
codes. These codes are used 
in the annual assessment and 
certification of the nuclear 
stockpile and to address  
significant findings (problems 
that require further investiga-
tion), as needed. Apparent 
improvements in simulation 
codes, achieved with more 
powerful computers and new 
and improved models, must 
be evaluated scientifically to 
determine their applicability 
to stockpile stewardship  
requirements. For example, 
the fluid dynamics algorithm 
in a hydrodynamics code 
must track the progression  
of fluid flow from an un-
stable but deterministic flow, 
through a more complex flow 
with both deterministic and 
stochastic components, and 
subsequently through transi-
tion into turbulence. High-resolution model- 
testing data must challenge the code over a wide 
range of spatial scales and as a function of time 
(Figure 1). Experimenters must develop relevant 
diagnostic techniques and acquire data that will 
help code developers and designers determine 
model validity and the limitations of the code that 
uses the model.

Gas Shock-Tube Experiment
The gas shock tube is an excellent example of a  
validation experiment that is used to investigate 
fluid dynamics relevant to weapons physics by  
investigating fluid instability at interfaces between 
fluids of different densities as they mix and become 

turbulent after impact by a 
shock wave (Figure 2). A 
gun-like apparatus launches  
a shock wave that becomes 
planar before accelerating one 
or more gas columns. Each 
column is made of slowly 
flowing sulfur hexafluoride,  
a heavy, nontoxic gas that 
serves as the target. The  
interface between the sulfur 
hexafluoride and surrounding 
air becomes unstable and dis-
torts rapidly as the gases mix 
and become turbulent. Such 
instability growth, known  
as Richtmyer-Meshkov  
Instability, is a weapons  
physics issue known since the  
Manhattan Project. Today’s 
experimental techniques and 
modeling capabilities provide 
better quantification of the in-
stability process, so our goal is 
to demonstrate the predictive 
capability of such flows that 
occur in weapons.

 
Current experimental techniques include the flow 
system that creates the sulfur hexafluoride column, 
laser-sheet illumination of the post-shock flow,  
velocimetry based on particle tracking, and high 
spatial resolution (using large image chips) that  
is comparable with computed images. The applica-
tion of particle image velocimetry (PIV) is an  

Figure 1. When a planar shock wave 
impacts three gas cylinders, it creates the 
three vortex pairs, seen in cross section, 
by illumination with a thin sheet of laser 
light. These successive snapshots of the 
vortex pairs at an earlier time (left) and 
later time (right) show how the flows 
become highly distorted en route to 
turbulence.
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especially important advance in our fluid-instability 
studies. PIV is a diagnostic method used extensively 
with low-velocity flows, but it is rarely used  
with flows accelerated by shock wave. The  
technique involves adding microscopic tracer fog 
particles to the flow 
and illuminating the 
traced flow with a  
thin sheet of light to 
photograph a cross  
section of the flow. 
Two photographs  
taken stroboscopically 
in rapid succession  
produce a double  
exposure with observ-
able discrete particles. 
Using a correlation- 
based analysis of tracer- 
particle clusters, we 
map the flow during 
the time between  
exposures. Using the 
measured time interval 
between photos, we  
determine the velocity 
vector of each particle 
cluster and thereby 
produce a two-dimen-
sional (2-D) map of the velocity field for a Mach 
1.2 flow.

This velocity-field measurement significantly  
enhances the value of the experiment for validation 
because testing a velocity field calculated by fluid 
simulation is a more sensitive evaluation of fluid dy-
namics modeling than comparing only the  
experimental and simulated density fields. Figure 
3 compares measured and simulated velocity fields 
and vorticity fields that capture the flow swirl. Note 
that the simulation accurately calculates the velocity 
field at large spatial scales (several millimeters),  
but fails to calculate the experimentally observed 
submillimeter structure, the microvortices. Conse-
quently, this validation experiment has been used 
to determine a code limitation; improved modeling 
ensures the needed improvements. 

Planar laser-induced fluorescence (PLIF) is yet  
another experimental validation technique. Using  

a fluorescent vapor to trace the flow, PLIF dramati-
cally increases spatial resolution, as seen in the PLIF 
images of three heavy-gas cylinders accelerated by 
a planar shock wave (Figure 1). These experiments 
with PLIF have demonstrated science-based pre-

diction by revealing 
a subtle effect in the 
two- 
cylinder experiments 
that was predicted the-
oretically but was not 
detected earlier with 
fog-traced flow.

Shock-Tube  
Analysis Methods 
and Data  
Interpretation
Advanced analysis 
methods are being 
developed to quantify 
the comparison be-
tween high-resolution 
data and simulation 
results. We are  
moving beyond the 
“viewgraph norm” 
that involves subjective 
visual comparison of 

experimental and calculated images.  
For example, air-sulfur hexafluoride boundaries  
can be analyzed with fractal-dimension analysis, 
which quantifies the complexity of this interface. 
Another useful technique is the separation of the 
deterministic (predictable) flow from the stochas-
tic (variable) portion of the flow, which can be 
predicted only statistically. This decomposition of 
shock-tube flows into deterministic and stochastic 
features is possible because the flows are sufficiently 
reproducible that we can do ensemble-averaging of  
dozens of data shots. Such decomposition is  
especially helpful to theorists because the determin-
istic portion of the flow is susceptible to calculation 
by Euler equations, whereas the stochastic features 
require a turbulence model. Wavelet analysis also 
examines flow morphology. Other physics-based 
analysis methods are being developed as part of a 
Laboratory-Directed Research and Development 
project. These methods are being applied to radio-
graphic data.

Shock 

Experimental 

Fog generator 

Laser 

Camera 

Experimental 

chamber 

Shock 

Gas 
Laser 

Figure 2. The shock-tube apparatus consists of a long, 
gun-like tube to produce the shock wave; a laser 
and cameras to measure the flow; and gas-handling 
equipment to prepare the gas targets.
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Figure 3. Experimental data are compared with code 
output by using 2-D density, velocity, and vorticity 
fields. Large scales (several millimeters) show good 
agreement but significant differences appear at small 
scales (submillimeters), where experimental data 
show more structure than the code results.

Figure 4. Series of experimental images of the cross section of a heavy-gas flow driven by a shock wave (i.e., 
gas-curtain experiment) showing how the swirling motion becomes highly distorted just before it becomes 
turbulent.

One important physics model validation study 
with the shock-tube preceded the investigations of 
heavy-gas cylinders. Instead of sulfur hexafluoride 
cylinders, we used a thin layer of sulfur hexafluo-
ride with corrugations on both up- and down-
stream sides of the layer. This experimental target, 
a “gas curtain,” evolved into a complex flow  
(Figure 4). Before the advent of PIV capability, we 
developed a physical model—the Jacobs model—to 
describe the growth rate of this pattern. Flow  
“circulation,” a measure of swirling motion, is the 
adjustable parameter used to fit the Jacobs model 
to experimental data. Measuring the circulation 
with PIV showed excellent agreement with values 
estimated from the Jacobs model, thereby produc-
ing a showcase example of model validation.

Scaling and Uncertainty Quantification
Obviously, the parameters of a shock-tube valida-
tion experiment are far from those of a nuclear  
detonation test, which is prohibited by internation-
al treaty. However, our fluid-instability experiments 
are designed to address only the fluid  
dynamics of simulation codes for which the  
relevant scaling parameter is the Reynolds number,  
the ratio of inertial to viscous forces. Because  
the Reynolds number in experiments is well above  
laminar-to-turbulence transition, the experiments 
can be used to validate codes that calculate this 
transition in highly distorted flows driven by shock 
waves.
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Shock-tube experiments do address the current  
emphasis on uncertainty quantification. Because 
fluid instability is highly nonlinear and because we 
perform hundreds of 
experiments with nearly 
identical initial condi-
tions, we produce large 
quantities of data by 
applying ensemble-av-
eraging and statistical 
analyses to determine 
the variability of impor-
tant quantities and the 
sensitivity of one variable 
to another. These data 
enable precise determi-
nation  
of error and uncertainty, 
unlike most integrated  
experiments (that utilize 
only one or a few shots) 
that rely on calculations 
to assess uncertainty. 
Thus, simulations of 
these validation experi-
ments can assess code 
uncertainties—another 
benefit of  validation 
 exercises.

Uncertainty quantifica-
tion is especially  
important for  
phenomena that are highly nonlinear,  
including much of the physics of a nuclear weapon. 
Thus, effective validation science must include  
experimental data for which subtle changes in initial 
experiment conditions produce profound changes 
in observable phenomena. Ultimately, we are con-
cerned about subtle changes in the initial state of 
a weapon that could lead to significant changes 
that could lead to nuclear detonation. An example 
of phenomena with high sensitivity to initial con-
ditions is a “bifurcated flow,” in which distinctly 
different flow patterns are observed when initial 
conditions change microscopically.

This phenomenon of flow bifurcation is clearly  
evident in the simultaneous acceleration of three 

heavy-gas cylinders by a planar shock wave. Typi-
cal data in four experiments with the same nominal 
initial conditions show markedly different flow  

features (Figure 5). 
Computer simulations 
have calculated one of 
these four patterns, and 
work is ongoing to learn 
which subtle initial dif-
ferences can lead to large 
differences in postshock 
flow. As researchers 
learn how to simulate 
the other three flow 
patterns, they will have 
increased confidence in 
their fluid dynamic al-
gorithms. This work will 
lead to greater awareness 
of code uncertainties, 
which they will quantify. 
Thus, this experiment  
not only challenges the 
hydrocodes but leads to 
increased confidence in 
code credibility and in 
quantitative understand-
ing of code uncertainty.

Identifying strong non-  
linear phenomena and 
quantifying uncertainty 
have other important 

benefits for the weapons program. The researcher 
performing the calculations—whether designer, 
code developer, or analyst—will be calibrating his 
or her judgment about nonlinear fluid dynamics 
and about the code itself. Thus, a validation ex-
ercise that has challenging data like the triple-cyl-
inder experiment validates both the code and the 
researcher, who learns the code’s capabilities and 
limitations in addition to learning the physics of  
the experiment. Therefore, validation science is the 
cornerstone of predictive capability.

Detonation Shock Dynamics Experiment
We can conduct yet another type of validation  
experiment in support of the detonation shock  
dynamics (DSD) model. DSD is an approximation 

Figure 5. Flow bifurcation. Each pair of images shows 
the flow evolution of three heavy-gas cylinders 
that are accelerated simultaneously by a planar 
shock wave. Each of the four image-pairs shows 
flow during an experiment that has nearly the 
same initial conditions as the others. The strikingly 
different shapes of the flows demonstrate the extreme 
sensitivity of the flow on initial configuration. This 
sensitivity and strong nonlinearity produces a flow 
bifurcation that constitutes an outstanding code 
validation experiment.
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Validation experiments have provided enormous 
benefits to the Laboratory, both scientifically 
and in academic interaction. The fluid instability 
project began by collaborations with Jeff Jacobs 
(University of Arizona) and his students. Then  
a series of postdoctoral researchers pushed 
the frontiers of scientific understanding and 
diagnostics expertise: John Budzinski, Sanjay 
Kumar, Mark Marr-Lyon, Kathy Prestridge, Paul 
Rightley, Chris Tomkins, and Peter Vorobieff. Most 
of them continued their careers as Laboratory 
staff. Other Los Alamos collaborators on the 
fluid instability work have been Matt Briggs, 
Cherie Goodenough, Jim Kamm, Bill Rider, and 
Cindy Zoldi. John Bdzil, Tariq Aslam, Larry Hill, 
and many others conducted detonation shock 
dynamics research. Eric Ferm and Larry Hull 
performed the silver jet experiments that were 
analyzed by Kathy Prestridge.

The contributions of many national laboratory 
and university researchers have promoted a 
strong culture of science-based prediction at  
Los Alamos, helping initiate and sustain our 
validation experiments and science-based 
predictions. For example, the structure of 
validation science has been described well 
by our SNL/NM colleagues, Tim Trucano and 
Bill Oberkampf. Jeff Jacobs’ (University of 
Arizona) pioneering work on laminar jets and 
biacetyl-based PLIF led to early gas-curtain 
experiments; his theory provided the first test 
of model validation. The shock-tube team at 
the University of Wisconsin provided validation 
data for higher flow speeds, as requested by 
X-Division researchers. The contributions of 
the University of New Mexico’s Peter Vorobieff 
have been invaluable in conducting experiments 
and developing innovative approaches to data 
analysis.

to the reactive Euler equations that allows  
computationally efficient tracking of curved  
detonation waves. DSD bypasses poorly known  
attributes, such as equation of state for the reacting 
explosive mixture and the reaction rate law, in favor 
of a direct experimental calibration. The result-
ing mathematical function describes the relatively 
simple net effect propagation of many complex 
processes on the detonation shock.

The classic experiment in these studies is the rate 
stick, a long cylinder of high explosive that is initi-
ated at one end. Measuring the detonation velocity 
through the charge and observing the detonation 
as it emerges from the cylinder end, we can recon-
struct the curved wave shape in the stick. Ideally 
this procedure is repeated for a range of charge  
diameters. Wave shape information for this particu-
lar geometry is used to calibrate a propagation law, 
which the DSD model processes to compute  
general geometries. These data have validated a 
DSD model that has been implemented in a  
programmatically important code at Los Alamos.

Silver Jet Experiment at pRad
A third example of a validation experiment is the 
silver jet experiment. Driven by high explosives,  
it creates a metallic (silver) jet and is diagnosed at 
the proton radiographic (pRad) facility. Code pre-
dictions about the shape of a 2-D, blade-shaped  
jet of silver showed good agreement with pRad im-
ages. However, the code also was tested by  
applying PIV analysis to the pRad images, inter-
preting persistent features in the images as tracer 
particles. This analysis produced velocity-field data 
even though the experiment was not designed for 
PIV. The result is in good agreement with velocity 
profiles in the data and simulation codes. Conse-
quently, we have greater confidence in the code’s 
ability to calculate these flows.

Validation Science
In conclusion, validation science compares data 
from simulation results with data from low-cost 
experiments in order to validate models and codes, 
particularly Advanced Simulation and Computing 
(ASC) codes. Because validation science strongly 
impacts the credibility of our codes, it is a growing 
field. The basis for successful validation science is 
vigorous collaboration among experimenters,  

analysts, theorists, and code simulators. It is  
important to note that the three validation experi-
ments discussed here are only a few of the  
numerous collaborations that Los Alamos and  
other researchers are using to support science-based  
validation of the nation’s nuclear stockpile.Æ

Robert F. Benjamin, 667-8116, rfb@lanl.gov



Winter 2004  Nuclear Weapons Journal����

Atlas is the world’s first pulsed power system  
designed from the ground up to perform high- 
precision hydrodynamics experiments using elec-
tromagnetic drive. For more than a year now, Atlas 
has been involved in a major move. On October 7, 
2002, a team from Bechtel Nevada (BN) arrived  
at Los Alamos to begin disassembling and packing 
and then shipping Atlas to the Nevada Test Site 
(NTS)—all 20,000 pieces of it. After the relocation 
is complete, BN will operate Atlas under Los  
Alamos direction and ownership. Los Alamos  
will lead the multi-laboratory physics program.

Most of the final construction details of the new 
Atlas facility in Building 6-922 at Area 6 of the 
NTS were completed in December 2003. The  
construction of a new high bay facility has been 
completed; mechanical installation of the pulsed 
power system has been completed; and electrical 
testing of the subsystems has begun. Experiments 
will resume in the new location later this year.

Atlas seems comfortably settled in its new home.

• Metal tankage and the oil system are complete. 
• Most of the dielectric insulating oil has been 

delivered. 
• The 24 electrical energy storage (Marx) units, 

the heart of Atlas, have been reassembled and 
temporarily installed in their tanks. 

• The load protection switches, vertical transmis-
sion lines, and the current convoluting center 
section have all been assembled and installed. 

• The modular charging supplies and high-volt-
age trigger systems have been installed, and 
final reconnections are being made. 

• The new electromagnetic enclosure for the 
machine controls is complete, and the control 
system is being installed and reactivated. 

• New laboratories for target support and imag-
ing diagnostics are ready for engineers, techni-
cians, and diagnostics scientists.

The next major step in the recommissioning  
process is the high-voltage testing of the energy 
storage units. These subsystem tests are to be  
followed by the electrical test of the full machine 
using a test load. After about 6 weeks of prepara-
tion in November and December 2003, testing of 
individual Marx units began in early January 2004, 
and about 20 units—five-sixths of the machine—
had been successfully tested by the end of February. 

In its new location Atlas, the world’s most  
energetic laboratory pulsed power system, will  
continue to provide the capabilities for hydrody-
namic experiments in high-precision, converging 
geometry in support of science-based stockpile 
stewardship. The system will support a range of  
experimental goals, especially those designed for 
validation of both legacy codes and new computer 
codes in the Advanced Computing and Simulation 
Program.

Bob Reinovsky, 667-8214, bobr@lanl.gov Æ

Completes Move to NTS
Atlas
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The final details of the new home 
for the Atlas pulsed-power system 
are nearing completion. The 
painters are gone, and the land-
scaping is almost finished. As with a 
move into a new home anywhere in 
the nation, the joint LANL/BN Atlas 
team is unpacking the final boxes, 
storing the off-season clothes in 
new closets, arranging (relatively 
large and sophisticated) furniture, 
and getting dinner on the stove.  
The building is taking on a  
“lived-in” look. 

The Atlas test program is conducted 
by the Bechtel Nevada operations 
team under the direction of Clark 
Thompson of Group P-22 (back row, 
center). Clark has been with the 
Atlas program since 1994.

Atlas is getting settled in its new home at the Nevada Test Site. In the outer ring of the assembly are the 24 Marx 
electrical energy storage units. The firing point is at the center of the assembly. The workers (bottom right) provide 
scale for the size of Atlas.
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The Nested Safety and Security Committee (NSSC) 
is a line-organization management system that 
drives continuous improvement 
in environment, safety, and 
health (ES&H) and security 
in the workplace. A vehicle for 
communications and problem 
solving, the NSSC process is an 
excellent decision-making tool 
that line management uses to  
establish and maintain ES&H 
and security standards, goals, 
and priorities at the Laboratory.

Structure/Meeting Levels
The Laboratory defines five  
levels in the NSSC process,  
in terms of attendance at  
meetings: team, group, division,  
directorate, and Director’s  
Central Safety and Security 
Committee (DCSSC). Because 
NSSCs occur at all organiza-
tional levels, every Laboratory 
worker is included in at least 
one level. 

“Team level” includes any 
subgroup of employees that re-
port to a group-level manager. 
All workers on a team attend 
team-level meetings, which 
are chaired by a team leader. 
“Group level” includes all team 
leaders, others who report  
directly to the group leader,  
and all subcommittee chairs 
(e.g., the group may have established a subcom-
mittee to look into criticality issues); group leaders 
chair the meetings. “Division level” includes all 
group leaders and others who report directly to the 

division leader, and subcommittee chairs (e.g., the 
division may have a subcommittee handling ergo-

nomic issues); division   leaders 
chair these meetings. “Directorate 
level” includes all  
division leaders, others who re-
port directly to the associate di-
rector, and subcommittee chairs. 
The  
associate directors chair meetings 
at this level.

The DCSSC includes all associate 
directors and others who report 
directly to the director and sub-
committee chairs. The Laboratory 
Director chairs the DCSSC;  
DCSSC subcommittees research 
issues and develop potential  
solutions for issues. To enhance 
communication flow, all nested 
committees meet monthly;  
information cascades both up and 
down the line-management chain.

All issues are created, recorded, 
prioritized, and tracked to closure 
in accordance with the Laboratory 
Issues Management Program,  
LIR 307-01-05. 

Responsibilities
At all levels, committee members 
establish performance expecta-
tions, review performance against 
expectations, review incidents for 
lessons learned—individually or 

collectively—and assign corrective actions, and  
review subcommittee reports on accomplishments. 
At the group, division, directorate, and DCSSC 
levels, committee members review new or modified 

Committee Process

Dave Herbert, a Laboratory 
management/safety consultant 
and a member of the National 
Safety Council, is supporting the 
Laboratory’s initiative to revitalize 
the NSSC process. He met with the 
DCSSC on January 8, 2004, and 
has briefed managers and supervi-
sors of HSR, ESA, and NMT Divi-
sions about the philosophy  
and implementation of the NSSC 
process. Herbert is available to 
meet with your team, group, or di-
vision to discuss the NSSC process; 
contact Linda Salazar  
at 667-4218, or e-mail lindasala-
zar@lanl.gov.
For more information about  
NSSC meetings and issues, see  
the March/April 2003 issue of 
Nuclear Weapons Journal, p. 14.
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requirements that are applicable to the Laboratory 
and recognize noteworthy and awardable accom-
plishments.

Team-level committee activities also include

• reviewing walk-around findings,
• soliciting employee ES&H and security  

concerns and ideas for improving ES&H and 
security performance, and

• reporting on the status of previously identified 
issues.

Group-, division-, and directorate-level committee 
activities include

• developing and implementing plans for reduc-
ing ES&H and security incidents in the various 
organizations and

• reviewing new or modified requirements,  
as they are applicable to the organization.

The DCSSC is tasked with establishing and imple-
menting ES&H and security plans and establishing 
NSSC performance expectations. It also

• reviews incidents that occurred since the last 
DCSSC meeting and corrective actions adopted 
by the lower-level organizations, and if neces-
sary, assigns institutional corrective actions and  
champions to ensure implementation of the 
actions;

• reviews the status of issues that pertain to 
ES&H and security from the Issues Manage-
ment System; and

• addresses new institutional issues, using a for-
mal decision-making process.Æ

Ron Geoffrion, 667-0300, rgeoffrion@lanl.gov

The Laboratory’s com-
bined injury  
and illness rates re-
flects 12-month rolling 
averages, normalized 
to 200,000 hours,  
to equal 100 full-time 
employees. The TRC 
line documents to-
tal recordable cases; 
DART data include 
days away from work, 
restricted work activity, 
or transfers to another 
job.
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NREL’s thermal test facility is an  
example of good sustainable design

Sustainable 
Design

Sustainable 
Design

Sustainable design may appear to have little  
practical application in the nuclear weapons  
program. However, substitute the term with  
“design of high-efficiency buildings,” and the  
benefits of such a process are more readily  
apparent. Structures that are designed to maximize 
energy conservation and minimize waste ensure a 
better future for the institution and for individual 
programs. In addition to being worker and  
environmentally friendly, the rationale is simple—
energy conservation and waste minimization  
reduce operational costs, leaving more resources 
available for the dual Laboratory missions of stock-
pile stewardship and scientific research. Currently, 
plans for nine strategic facilities are in progress at 

Los Alamos; one of these facility plans included a 
study of sustainable design principles.

Conserving Energy Equals Cost Savings
Sustainable design ensures energy conservation by 
incorporating energy-efficient features and systems 
during facility planning. These measures may  
include induction electric lighting and occupancy 
sensors, energy-efficient chillers, and high-perfor-
mance windows. Taking advantage of natural site 
features such as topography, sunlight, and shade 
optimizes a building’s orientation and can save 
thousands of dollars in energy-related operational 
costs. A successful example of sustainable design  
is the National Renewable Energy Research  

Winter 2004  Nuclear Weapons Journal
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For more information on the CHEM  
Laboratory case study, see J.R. Stine et al., 
Waste Minimization or Elimination  
Through Sustainable Building Design:  
The Characterization of High Energetic 
Materials (CHEM) Laboratory Building:  
An NNSA Waste Stream Elimination  
Case Study, Los Alamos National Laboratory 
report LA-UR-03-2317.

Laboratory (NREL) in Golden, Colorado. This 
10,000-square-foot thermal test facility is an open-
space laboratory/office building that utilizes many 
passive solar and energy-efficient features. Its  
design significantly lowered its energy-related  
operational costs, which are 63% less than if the 
building met only Federal Energy Code (10 CFR 
35) requirements. This cost saving includes a 50% 
energy reduction and a 30% peak power reduction; 
approximately 75% of the building’s lighting needs 
are met by daylight.

Minimizing Waste Maximizes Efficiency
Senior management requested an evaluation of  
the impact that eliminating specific waste streams 
would have on Laboratory operations. In re-
sponse, a case study was developed using the pro-
posed Characterization of High Energy Materials 
(CHEM) Laboratory, part of the DX Division  
strategic facility plan. The study was undertaken  
to determine whether sustainable building de-
sign could significantly reduce or eliminate waste 
streams and lead to substantial cost savings and  
increased worker productivity over the lifetime  
of the building. The results of the study were  
significant.

• Because operations in a building like the  
proposed CHEM Laboratory typically produce 
approximately 14,000 gallons of high explo-
sive (HE)-contaminated wastewater annually, 
designing the building to minimize or eliminate 
waste streams would create substantial cost sav-
ings. Although most sustainable design studies 
examine only energy efficiency and the recycled 
materials used during construction, this study 
involved designing the building such that 
wastewater containing trace HE and perchlo-
rates could be cleaned on-site and reused in the 
lab equipment washer.

• A “waste-free” building could increase  
employee productivity, as workers would spend 
less time in cleanup-related activities. Em-
ployee salaries account for more than 80% of 
the estimated lifetime budget of any facility and 
dwarf expenditures for utilities, construction, 
maintenance, and equipment. By eliminating or 
recycling just the aqueous part of the HE waste 

stream, DX-2 could realize lifecycle savings 
of up to $1.7 million (not discounted) due to 
gains in worker productivity.

• The proposed CHEM Laboratory design is 
“flexible,” meaning that different treatment 
technologies for the various waste streams 
could be installed inside the building with-
out drastic reconfigurations as technologies 
change or become available. Instead of sealing 
all piping underneath a concrete slab base, the 
planned design features a watertight basement 
where equipment could be accessed easily, as 
needed. Because it is watertight, the basement 
would contain all spilled or leaked liquids, pre-
venting liquid waste spills into the environment 
and reducing the level of involvement with state 
and federal regulators. Savings could be realized 
in potential cleanup and regulatory compliance 
costs.

The DX Division case study shows that the cost 
savings of sustainable design will pay for the 
building within nine years. Numerous other dem-
onstrations and studies have shown that energy 
conservation and waste minimization—both key 
considerations of sustainable design—are two  
simple business practices that cut the ever-rising 
costs of facility operation throughout the lifetime of 
a building. Such savings translate directly into im-
proved worker efficiency and cost containment, the 
heart of sustainable design.Æ

Dianne W. Wilburn, 667-6952, dwwilburn@lanl.gov 
Sonja L. Salzman, 664-0106, ssalzman@lanl.gov

Nuclear Weapons Journal Winter 2004 
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Hazard- and risk-assessments, as well as human  
error analysis and mitigation techniques, have long 
been mainstays of effective safety programs. These 
and other safety tools reveal that worker errors 
contributing to or resulting in accidents are often 
the consequence of ineffective system configura-
tions, process conditions, or individual employee 
characteristics that combine to create the proverbial 
“accident waiting to happen.” As a result, state-
of-the-art safety management approaches don’t 
automatically regard employee error as the cause 
of system failures; instead, they evaluate such er-
rors as potential symptoms of trouble elsewhere in 
the system or organization. While it’s undoubtedly 
true that human errors can never be completely 
eliminated, the good news is that those “induced” 
by various system/process/employee features can 
be identified and controlled through traditional 
systems analysis, hazard assessment, and human er-
ror mitigation techniques.

Recognizing the many commonalities between 
good safety and security practices, LANL leveraged 
its Integrated Safety Management (ISM) and  
Integrated Safeguards and Security Management 
(ISSM) programs and formed a team of safety,  
security, human error, and organizational experts 
from S and D Divisions to review past LANL  
security incidents. This team concluded that many 
of the system-induced human errors that make  
accidents more likely could also be contributing 
factors to security incidents and that by identify-
ing the factors that make errors and incidents more 
likely, mitigation strategies that effectively target 
these contributors could be developed.

These findings led to creation of the Enhanced  
Security Through Human Error Reduction  

(ESTHER) program. To date, 16 situational  
factors (e.g., distractions and failures in work plan-
ning) and 12 human factors (including fatigue and 
poor judgment) have been identified as potential 
contributors to 4 kinds of errors:

• unintentional acts (“I didn’t mean to do that”),
• unintentional failures to act (“I forgot to do 

that”),
• intentional but incorrect acts (“I thought that’s 

what I was supposed to do”), and
• intentional but incorrect failures to act  

(“I didn’t think I was supposed to do that”).

In addition, ESTHER can account for breaches—
that is, the deliberate, nonmalevolent circumven-
tion of required procedures or practices (“I knew  
I wasn’t supposed to do it that way, but...”).
ESTHER analyses can be applied retrospectively 

following a security incident as well as prospectively 
to discover and eliminate error-likely conditions. 
From both these uses, lessons learned will be devel-
oped and shared to reduce the likelihood of future 
errors/incidents.

In some cases, ways to minimize the influence of 
discovered contributing factors—such as workplace 
distractions and clutter, deficient work planning, 
and failure to ensure that required materials are 
available before starting the task—will be obvious 
and within the employees’ control. In other situa-
tions, line management must become involved to 
control factors such as improving procedures that 

ESTHER targets safety and 

security breaches and practices

Security and Safety     
Tools that Work to Improve Both
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are believed to be deficient,  
recommending fitness-to- 
perform evaluations when  
employees take certain prescrip-
tion medications, or deciding if 
skill refresher training is needed. 
More complicated interventions 
involving job re-design to elimi-
nate overly complex tasks,  
improving inappropriate local  
security cultures and practices, 
and dealing with management 
system deficiencies will probably 
require the support of error  
assessment experts, human  
resource professionals, and  
perhaps a senior management 
representative.

ESTHER enhances security not 
only by minimizing the inadver-
tent release of classified informa-
tion through error but also by 
reducing the security resources 
devoted to these activities, there-
by enabling limited resources to 
be directed toward prevention 
of—and response to—other  
security threats. Moreover, by 
defining error-likely conditions, 
ESTHER provides the basis of 
constructive action and positively 
motivating staff through rewards 
and recognition programs.

ESTHER analysis services are 
available at no cost to conduct or 
guide assessments of errors and 
incidents and reduction  
efforts across the Laboratory.Æ 

Meredith E. Brown, 665-0377,  
 meb@lanl.gov 
Daniel J. Pond, 667-0994 ,  
 pond@lanl.gov    

Avoid distractions. Take extra precautions—have a co-worker double 
check your work—when you’re preoccupied with other matters but are 
required to handle classified information. 

Don’t put deadlines before safety or security. Plan ahead and work 
with your manager to avoid or resolve conflicts that can place classified 
information—and perhaps your job—at risk. 

Reduced clutter reduces the 
potential for security violations. 
Arrange and maintain your 
work area so that it’s easy 
to keep track of classified 
information and materials. 

Note: These photos were  
staged solely to illustrate 
 safety/security hazards  
in the workplace.
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The aging process has taken its toll on SM-43, the 
Laboratory’s 45-year-old Administration Build-
ing. No longer reliable, the building has significant 
functional, security, and safety issues, and is expen-
sive to operate. All these deficiencies potentially 
jeopardize the Laboratory’s mission of nuclear 
weapons stockpile stewardship.

Not only are most major systems in the old build-
ing inadequate for today’s needs—unforeseen in 
the 1950s—they do not 
comply with current DOE 
or uniform building code 
standards for office and 
light laboratory use.

Built long before the  
phenomenon of worldwide 
dependence on office- and 
security-related electronics, 
SM-43 is not configured 
to meet the requirements 
of today’s high-powered, 
high-speed communica-
tion, research, and security 
systems. In short, SM-43 is no longer a reliable  
location for the Laboratory’s high-tech, electroni-
cally dependent systems. It also is expensive to op-
erate; energy costs are $445,000 more per year than 
for a modern building of similar size. 

National Security Sciences Building
SM-43’s replacement, the new National Security 
Sciences Building (NSSB), will provide efficient, 
modern, productive research and office facilities. 

Intended for occupancy in 
2006 and equipped with 
21st-century electronics, 
the new NSSB will be an 
eight-story structure of  
approximately 275,000 
square feet; it will include  
a lecture hall and a new 
600-vehicle parking  
garage. Most important to 
the Laboratory’s Stockpile 
Stewardship Program, the 
new facility will provide  
a safe, reliable location  
for DOE’s cyber-based 

weapons program, with state-of-the art cyber  
security and electronic resources that will accom-
modate changes in priorities and work flow.

Keith R. Orr, 665-1734, keithorr@lanl.gov

Artist’s rendering of the completed National Security 
Sciences Building.

Fire Protection
3%

Energy
Consumption

1%
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Envelope 1.7%

Seismic Structural
17%

Life Safety 
Code 11%

Asbestos Survey  
Report 4%Uniform Federal

Accessibility Study 3%

Mechanical Systems
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Electrical
71%

As early as 1996, the costs of modernizing  
SM-43 were an estimated $9.45M, not including 
seismic upgrades.

NSSB Replaces Aging SM-43

NSSB construction site, with the 
Nicholas C. Metropolis Center 
for Modeling and Simulation in 
the background. 
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and manage project funds allocated from the new 
directorate, while still supporting the program for-
mulation and line functions in the Weapons Physics, 
Weapons Engineering and Manufacturing, and  
Operations Directorates. The Deputy ADs want to 
move quickly to merge the current program boards 
under the PIB—Stockpile Assessment and Certi-
fication, Experimental Assessment and Validation, 
Simulation Capability, and Manufacturing—into  
a single coordination board linking program direc-
tors and division leaders for all sectors of nuclear 
weapons work at Los Alamos.

The job of the Weapons Physics Directorate,  
currently led by Sue Seestrom as acting AD, will 
continue to be certification. Weapons Physics line 
managers will determine the resources needed for 
that job on an annual and on a continuing basis, 
and the new PrADNWP will balance the needs  
of the entire weapons program and the rest of the 
Laboratory against those requirements. The Weap-
ons Engineering and Manufacturing  
Directorate, led by Rich Mah, will continue to  

focus on engineering and manufacturing for the 
stockpile. A similar balancing is at the core of the 
relationship involving the line managers within 
Weapons Engineering and Manufacturing and 
PrADNWP. This give and take between line and 
program management will provide clear allocation 
of resources, project scope, and most importantly, 
expectations.

Balancing Inherent Risk
When Director Nanos and I presented these chang-
es to Laboratory managers recently, we were asked 
whether this is a return to matrix management. 
Fundamentally, it is. Without some ongoing tension 
between line and program management, an  
organization as large and complex as the Laboratory 
cannot operate effectively. Every other successful 
large technical organization is built around a  
matrixed structure; there is simply no other way to 
properly balance the inherent risk in our program. 
We want to retain the strong, direct, and creative 
contributions of our division and group managers 
in setting the course and making the program work. 

Point of View continued from page 1
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At the same time, we need better overall strategy, 
accountability, and risk-based leadership from a pro-
gram organization that represents the Laboratory to 
our customers. 

By the time you read this, Rich Mah will have  
begun the process of improving how we accomplish 
our important manufacturing work. As the Labo-
ratory’s manufacturing role has increased in recent 
years, it has become clear that managing materials, 
engineering, and manufacturing activities across sev-
eral divisions and directorates may not be optimal 
and that our Laboratory can do much more to align 
itself with the quality revolution that has  
taken place in US manufacturing. The goal of this 
realignment is to ensure that everything we make 

for experiments in the stewardship program or for 
replacement of stockpile components is of the high-
est quality and is produced on time and within bud-
get, using the quality processes that will prevail in 
the 21st century.

I hope all of you working directly within or indi-
rectly supporting the weapons program take the 
time to examine these changes and identify how 
you can contribute to making this transition both 
smooth and truly innovative. I look forward to 
hearing your comments and especially your sugges-
tions on how we can more effectively and efficiently 
carry out the mission entrusted to us in sustaining 
the nuclear deterrent.

ADO Associate Director for Operations
ADWEM Associate Director for Weapons 
 Engineering and Manufacturing
ADWP Associate Director for Weapons 
 Physics
BN Bechtel Nevada
BWXT BWX Technologies, Inc.
D Decision Applications Division
DOE US Department of Energy
DX Dynamic Experimentation Division
ESA Engineering Sciences and 
 Applications Division
ESA-TSE Tritium Science and Engineering    
 Group
HSR Health, Safety, and Radiation 
 Protection Division
LANL Los Alamos National Laboratory
LLE Laboratory for Laser Energetics, 
 University of Rochester
LLNL Lawrence Livermore National 
 Laboratory
MST Materials Science and Technology 
 Division
MST-7 Polymers and Proteins Group
MST-8 Structure/Property Relations Group
NMT  Nuclear Materials Technology 
 Division
NMT-16 Nuclear Materials Science Group

Organizational Acronyms and Abbreviations

NNSA National Nuclear Security 
 Administration
NREL National Renewable Energy   
 Research Laboratory
NTS Nevada Test Site
P Physics Division
P-22 Hydrodynamics & X-Ray Physics   
 Group
PrADNWP Principal Associate Director for   
 Nuclear Weapons Programs
S Security and Safeguards Division
SNL/NM Sandia National Laboratories/ 
 New Mexico
T Theoretical Division
T-1 Theoretical Chemistry and   
 Molecular Physics Group 
UC University of California
UK United Kingdom
X Applied Physics Division
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About the cover: Scanning electron micrograph (SEM)  
of the unstable interface in a Richtmyer-Meshkov hydro-
dynamic experiment performed using the OMEGA laser, 
showing a portion of the cylindrical target before the experi-
ment. The laser strikes a layer of epoxy left of the figure and 
drives a strong shock into the cylinder, causing  
an implosion and initiating instability at this interface.The si-
nusoidal perturbations, machined into a thin aluminum layer, 
have a wavelength of 9 µm and peak-to-peak amplitude of 2 
µm. SEM courtesy of Norm Elliott, MST-7.

Correction: The “Backward Glance” in the September/
October 2003 issue stated that George Gamov remained a 
Russian citizen after he fled the Soviet Union in 1933. 
In fact, he and his wife Rho (Luybov Vokhminzeva) became 
naturalized American citizens as soon as possible. They were 
proud of their American citizenship and traveled widely with 
their American passports. Only under Soviet law and in that 
territory did they remain Russian citizens. (We thank George’s 
son, Igor, and his wife Elfriede for this information.)
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backward glance
World War II Code Words

Many people are familiar with some of the  
code words used at Los Alamos during World War 
II—Fat Man, Little Boy, and Trinity.  
Here is a sampling from the many others  
created during that time.

25  .....................235U

49   ....................239Pu 

Batch   ................Material sent to Tinian Island
 in the Pacific

Bowery  .............Shipments of replaceable 
 material sent to Tinian Island

Bronx ................Shipments of irreplaceable
 material sent to Tinian Island

Camel ................California Institute of Technology
 Program to produce high explosives 
 for implosion assemblies

Centerline ..........Center Line, Michigan,
 Naval Ordnance Plant

Clearcreek .........Teletype designation for
 Los Alamos; used after each combat  
 drop and for Operation Crossroads  
 communications

Clementine ........Plutonium fast reactor

Destination ........Tinian Island (from which the 
 Enola Gay and Bockscar flew their  
 respective combat missions); used  
 for teletype transmissions after each  
 combat mission

Dogpatch ..........Oak Ridge, Tennessee

Henry Farmer ....Enrico Fermi

James Baker  ......Aage Bohr

Jumbo ...............216-ton containment vessel
 designed to recover plutonium  
  at Trinity site

Kingman ............Wendover Field, Utah; training
 ground for the   combat de-
livery of   Fat Man and Little Boy

Kit .....................Supplies and tools used to assemble
 Fat Man and Little Boy on 
 Tinian  Island

Nicholas Baker ...Niels Bohr

Pit .....................Core and tamper of the Trinity
 device and Fat Man

Pit Team ............Team assigned to assemble both 
 the Trinity device and the Nagasaki  
 Fat Man bomb

Postum ..............Polonium

Product 89 ........Crystalline boron of normal
 composition

Pumpkin ............Fat Man ballistic shape filled with
 high explosives used for test drops

Sandy Beach ......Salton Sea, California; used for 
 sea-level drop  tests of early Fat Man  
 and Little Boy devices

Soda Pulp ..........Bismuth

Thin Man ..........Early design of Little Boy
 
Tuballoy ............Natural uranium 

Uncle Nick ........Niels Bohr

Vitamin B ..........10B

W-47 .................Wendover Field, Utah

Roger Meade, 667-3809, rzxm@lanl.gov


