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Z is a unique world class pulsed power facility at SNL2

• 36 Marx generators
• 2160 capacitors

• ~ 1M gallons of transformer oil

• ~ 0.5M gallons of deionized water

• 66,000 liter vacuum vessel

• 36 Marx generators
• 2160 capacitors

• ~ 1M gallons of 
transformer oil

• ~ 0.5M gallons of 
deionized water

• 66,000 liter vacuum 
vessel



A complex series of conductors combine currents for 
the load3

Z vacuum insulator 
stack and MITLs

Post hole convolute 
system and load

ICF liner load DMP load



Pulse Shape Flexibility and Reproducibility4

Z was designed to drive dynamic 
hohlraum experiments.
 ~150 ns current rise times

System improvements have enabled 
precisely tailored pulse shapes with 
multiple distinct drive characteristics. 
 E.g., both shock and ramp drives can be 

produced by a single pulse shape 
 Up to ~1 ms current rise times

Each of Z’s 36 transmission lines have 
multiple triggers and switches that can be 
employed to produce a given pulse. 
 The Sandia developed Laser-Triggered 

Gas Switches (LTGSs) are central to our 
pulse shaping capabilities.



Z’s purpose: provide the capability to answer questions that are not 
always possible to anticipate in advance5

Z has evolved dramatically since 1996
 >90% of shots on Z in 2021 use experimental platforms that were not clearly envisioned in 

1996.
 As new platforms are developed, we are able to address new missions and answer new 

questions, such as
 Capability to study dynamic materials + capability to use explosive containment vessels  Study of hazardous materials
 Fusion research leads to opportunities in radiation effects, HED opacity
 Laser backlighting capability + magnetic field capability    Study of new fusion physics regimes

Z Fundamental Science Program benefits from this evolution

Solid 
metal

Iron Rain
Harvard University, UC 
Davis, SNL, LLNL, 

Accretion Disc
UC Berkley, University of 
Nevada- Reno, SNL
Goddard

Opacity of Iron
SNL, University of Nevada- Reno, 
Ohio State University

Hydrogen metallization
University of Rostock, SNL 



Shot rate has been challenging to maintain in 2020-20216

Number of required unplanned maintenance 
days up significantly
• ~45 in CY2020 and ~61 in CY21 (current date) 

over historical averages (25-30) 
• Activities are major, leading to significant down-

time:
• Two emergency stack rebuilds, LTS crossover 

tube SF6 gas misconfiguration, and Z-ESS oil 
quality issue  

COVID-19 impacting operations tempo, leading 
to machine down-time
• 5 day downtime due to COVID-19 spread

Introduction of Z Extended Workflow July 8th
• Split shift operations for critical path center 

section activities  6AM-10:30PM
• Allows 1.5 day experiment timelines to be 

condensed into 1 day
• Adds contingency for unanticipated delays, 

stabilizes shot window, and de-stresses work 
force with a repeatable schedule 

Annual Z shot rate by Calendar 
year

To current date



Taking a tactical approach towards timeline stabilization7

Z-Extended Workflow Timeline Diagram



Data analysis informs decisions, improves efficiency and 
effectiveness - Quarterly Reports to NNSA8

Each shot is categorized into one of four shot classes (complexity levels), has an individual execution timeline and observation data that 
captures shot tempo (execution timing) and delays by the minute - this informs design, process, and training improvements

Time devoted to shots and non-shot 
time are tracked to enable 

understanding of facility issues and 
availability for shot execution

Performance of the machine, diagnostics, and subsystems along with objective results are 
evaluated to determine relative effectiveness of shots – this is a subset of ICF shots conducted in 

CY20Q4



Shot Execution Notes9

•Delay and exception data will be binned for analysis and trending

•Validated timeline data will be used for future experiment planning and trending



Science Objectives10

Feedback on science objectives example



Machine Performance11

Shot based performance reports
• Individual system performance analysis mapped to 

pass/fail metrics reported after each shot
• Allows for data trending on system health and 

indicates areas of needed repair or pre-cursor 
event of failure

• When in normal operations tempo, report is 
discussed at daily status meeting.  

• Teams are informed of issues very rapidly after 
shot has occurred

• Machine diagnostic data analysis routine 
established and accurate



Diagnostic Performance12

Goal is to collect and report on the 
configuration and performance of all 
diagnostic capabilities that support the 
shot science objectives

Currently, quality codes are 
implemented and used along with 
notes
• Using existing diagnostic code 

infrastructure within ZQL shot 
management tools

First report will be primarily exception 
(fault) reporting, along with some 
quality code information



CY22 Shot Schedule development underway13

Joint call for Z shot proposals out on June 1st 
• 272 shots proposed for ~122 slots

HED and ICF councils approved allocations on July 
15th and July 17th 
• Facility/Power Flow allocations also set
• FS program allocations set based on previous 

year’s allocations

Program scheduled blocks currently under 
development; on track for finalization next week
• Z-SPRINT:  Change in philosophy this year defines 

extended program block allocations to hold 
constant on schedule
• Goal is to better manage schedule volatility, resource 

scheduling, and supply chain
• Will require additional controls to be in place for full 

implementation
• Resource loaded planning schedule, contingency planning, 

etc. 

Current goal is to have CY22 schedule approved 
and ready for release in mid-August- 20 weeks 
before the start of the CY 

Q1 Q2 Q3 Q4
FS Program 

Days 8 0 0 5



Questions?14
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Senior Manager, Z Experimental 
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