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‘ Pulsed power is inherently efficient — we
continue to make it more elegant

™~
)

P
]
-4
3
Y

N
4
el |

 How can pulsed power transform the complex?

— Technologies must provide new capabilities, and/or reduce
cost/operations

« Radiography —
— Compact systems for experiments underground and above-ground
with advanced diodes
 Dynamic materials —
— High pressure isentropic compression
— Compact 1-Mbar class drivers at the $1k-per-sample-point
« Secondary Physics
— Energy-rich platforms for radiation-hydrodynamic studies
* Nuclear Survivability

— Laboratory capabilities to replace some phase space formerly
limited to UGTs

« Secondary Physics and Nuclear Survivability

— “Affordable” high yield capabilities Sandia
d"' National

laboratories



Pulsed Power is an efficient, hence low cost,
approach to proving a high energy density
(> 0.1 MJ/cc) environment for SSP
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Focus is on near term applications
in stockpile stewardship program

- Hostile Environments | C4 - Secondary Certification

C1 - Primary Certification
Subcritical Radiography
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Radiation Effects Radiation Flow

C10 - High Energy

DSW, Pantex, & DoD
EM & Lighting
Certification

Density Physics
High Yield Assessment

C2 - Material Properties

EOS

. codes, pulsed power technology,...

High yield vision provides direction and drives -
temperature, reproducibility, diagnostics,
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Z-pinches produce high energy density
states (10 MJ/cm?) — these states are
needed to produce 1-15 keV x-rays

Inertial Applications include:
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Most interesting astrophysics problems can
be found in your neighborhood Z-pinch

High Mach Number Jets

unstable flows Rayllgh Taylor instabilities

Hourglass Nebula - MyCn18
Hubble Space Telescope - WFPC2
o

MHD and

“anomalous” he b
iati ational
Shocks and radiation transport Lahocties



Z-pinches are excellent x-ray sources for two

‘ classes of needs: Planckian-like and non-LTE K-

shell (or L-shell)

Tr = approximately equal to Te
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Nuclear Survivability Experiments on Z
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SNL, AWE and ITT collaborative cavity SGEMP experiment on Z
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The Radiation Sciences program at Sandia have a
number of unique facilities to meet mainly hard x-ray

testing and code validation needs

* Hermes meets most anticipated gamma
experimental environments

* Hermes e-beam provides a large area
exposure environment to validate
TSR/TMS models — LIHE provides a
system capability

« Saturn is very useful in meeting hard x-
ray requirements

— Higher dose rates
— Positive polarity?
« Saturn is the a large soft x-ray source

driver (10 MA, 35 kJ @ 3 keV) and in
1992 it was the highest energy source

— Small scale testing
— Research and development

* DTRA facilities and Sphinx meet many
of our small scale requirements

— Reflex triode

— Cable testing Sandia
LA 2% National
LA N Laboratories




K-shell Power (TW)

/iR N (71
AT TN

=
o
T

- O N H o o
T T T T

Z enabled hundreds of kilojoules of x-rays and we were
able to break the 3 keV photon energy “speed limit”
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' Z is being applied to SSP nuclear survivability

missions and there are more to follow

Cavity SGEMP
code validation
experiments

First AGEX
“clean” multi-keV
x-ray blow-off
experiments.

Braze joint evaluation

Material
response tests
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i Future requirements for increased

PRS capabilities

TN AL =S

A

- SGEMP
— More complex cavities to test 3D effects

— Higher photon energies to test emission models (present Z

experiments are at 7 to 8 keV with different materials)
» Material Properties

— Radiation driven experiments with more penetrating x-rays

— New RB/RV materials
— Accurate (few %) materials data

— Data to support LIHE tests
« TSR/ITMS

— Scaled tests with soft x-rays to complement work with e-beams

« Warm x-rays
— Higher fluence capabilities
* Improved yield measurements

— New thermo-elastic calorimeters using particle displacement

interferometer has given accurate yield measurements
The AWE calorimeters are giving good data

h)

Sandia
National
laboratories



‘ What is ZR?

Refurbishment of the Z Pulsed Power Accelerator

New Laser Maximize Utility of

Triggering System Diagnostics Infrastructure Update Charging &
_ ,Triggering Systems

New Capacitors — |-
Double Energy
Storage

e,

Incorporate Energy
Diverter Systems

New Vacuum Stack Electrically Optimize
Incorporate Modern Gas & MITLs for Higher Pulse Forming Systems
Switch Technology Electrical Stress
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ZR will extend the yields and useful photon
range for effects tests

>1 keV 3 keV 5 keV 7 keV 8 keV 10-13 keV
Generator (kJ) (kJ) (kJ) (kJ) (kJ) (kJ)
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Dynamic Material Research using Pulsed Power

5,409 % /

OUTERCORE / INNER CORE

DISTINCT
LAYERS of the
earth’s interior
include the liquid
outer core, where
complex circulation
patterns of turbulent
convection generate the
geomagnetic field.

Magnetically driven dynamic material experiments
reach conditions similar to those in the interior of

Sandia
planets Smde_
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lanar conservation equations are used to obtain
P(V) data for shock and isentropic loading

Shock Loading
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Phase Diagram for Aluminum
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' Converging current into a small
circumference produces large forces and

extreme pressures

[
material sclence 20 MA@ 0.5cm

gxperiment

=@ | Magnetic Pressure of 250 GPa
(2.5 Mbar)
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‘ Our competitors -Laser vapor drive
techniques have a long way to go!
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Graded density impactors on gas guns are also

being looked at by LLNL — not scalable to high @ Sandia
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Recent experiments have shown an

improvement in the ability to obtain desired shape
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Aluminum isentrope measured to 2.5 Mbar
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Timing accuracy of order +/- 100 ps needed
for better than 1% accuracy in multi-Mbar P(p)
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Strategy to approach “1%”:
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' Tungsten isentrope measured to 61 GPa, but we have been

having issues with current symmetry on high pressure shots
— a new load design will be tested at the end of Q1 FY06
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Effects of radiation induced damage (aging) in
stainless steel is clearly seen using ICE techniques

800 um Irradiated Stainless Steel
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The samples were dynamically loaded by Sandis
campression wave. Samplefwindow interface velocities
hi: suggest o sudden volume reduction o e mas
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ferial resporse of phase transitions, elastic-plastic ransitions,
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collapse process by dislecation loop emission explains well
the observations.
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Phase transition data has been
obtained on various impure samples of Zr
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Extreme Pulse Shaping for phase
transition work
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Resistive Pre-Heat: Many SSP issues require
understanding of phase transitions. BN’s preheat
system is essential studying phase transitions
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* heat up to 8 samples per shot using 4 heaters

+ all samples same temperature, or AT up to 150°C

* max. T > 500°C pending bond & window issues

* up to 20 thermocouples

*In FY05, we will complete the technology transfer to SNL
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A

' | Pu on Z is moving into the final stretch

 LANL are preparing the samples.

« The Management Self-assessment
began on Nov 21st

 The Corporate assessment is due to
start in December.

« SSO has reviewed the Standalone HA.
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Z shot confirmed Alegra simulations (Ray Lemke) that
predicted we should achieve 33 km/s

density @ t=2.233e-06
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‘ Data has been obtained to 1.75 Mbar in

deuterium and 11 Mbar in aluminum
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We are continuing to investigate

Rectangular

Rectangular Variant

16 km/s (3/6)

21 kml/s (5/10)
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i‘ Acceleration waves in pure HMX crystals experimental
observations in Z1251 test

Z1251, HMX crystals

0.5

0.45

(011) orientation; 0.725 mm

0.4

0.35 1

o
w

(010) orientation: 0.751 m

velocity, km/s

o
o

CTH - EPP model:

CTH — EPP model: Y~6.1 Kbar & v = 0.33

Y~4.12 Kbar & v = 0.33

0.15 1
R (Precursor predicted to be faster
011 than observed)
0.05 Stress relaxation effects
0 - e T - — T T T T T T T
2500 2600 2700 2800 2900 3000 3100 3200 3300 3400

time, ns

() e
National
Laboratories




‘ Small pulser is operational — we will be

taking VISAR data in the next month

= Main capacitors and gas switches
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Visar system has been brought up on the gas gun
We had a capacitor failure (infant mortality) during initial pulsed power shakedown
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We are demonstrating a science based
engineering approach with flame sprays

Process Dynamic experiments
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Linear transformer drivers are being
considered for many applications

* Internal cavity pulse-shaping for ICE
« LTDs for radiography

« High current (0.5 and 1 MA) cavities for
high current and IFE applications




The marriage of the Z Beamlet backlighting
capability to Z is a major advance

Z-Beamlet

Capsule implosion imaging
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High yield fusion is one of the major
motivators for the Z-pinch research at Sandia

Dynamic Hohlraum

..--—"_/w ‘--n-mp
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=/ -pinch Drlven Hohlraum

solid Be
Be+3% Cu

' / solid DT

DT gas

(0.5 mg/cm?)
0.275 cm radius

Peak drive temperature 350 eV
In-flight aspect ratio 48
Implosion velocity 3.3 x 107 cm/s
Convergence ratio 27
DT KE @ ignition 50%
Peak density 444 g/cm?
Total pr 2.14 g/cm?
Driver energy 12 MJ
Absorbed energy 2.3 MJ
Yield 527 MJ
Burnup fraction 34% Sandia
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Conclusions

» Pulsed power facilities can provide efficient, capable and flexible
technologies to meet SSP needs

— In the early 90s, pulsed power was efficient: now it is efficient
and elegant!

 The Z accelerator is supporting nuclear survivability and dynamic
material missions today: ZR will greatly enhance our ability to
support the weapons program through the rest of this decade and
the next

* The revolution that was “ICE” is driving the development of
smaller facilities to enable more agile support

* Progress on high yield fusion could be a revolution in the nuclear
survivability arena

* Pulsed power has become an enabling technology for
transformation and responsiveness
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