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National Technology &    
         Engineering Solutions of Sandia, 
     LLC, a wholly owned subsidiary 
of Honeywell International Inc.

FFRDCs are long-term strategic partners 
              to the federal government, operating in the 
           public interest with objectivity and independence 
       and maintaining core competencies in missions 
   of national significance

Government-owned, contractor-operated

SANDIA IS A FEDERALLY FUNDED RESEARCH AND DEVELOPMENT 
CENTER (FFRDC) MANAGED AND OPERATED BY

2



WE HAVE FACILITIES 
ACROSS THE NATION

Sandia
Livermore, 
California

Sandia
Albuquerque,
New Mexico

ARM 
Research 

Facility
Barrow, AK

Kauai Test 
Facility
Kauai, HI

Tonopah 
Test Site

Tonopah, NV

Waste 
Isolation 

Pilot Plant
Carlsbad, NM

Sandia
Field Office
Washington 

D.C.

Weapons 
Evaluation 

Test 
Laboratory/

Amarillo, TX

Minneapolis
-St. Paul 
Office

Main Sites
Albuquerque, New Mexico 
Livermore, California

Pantex 
Plant

Amarillo, TX

33

Scaled 
Wind Farm 
Technology 

Facility
Lubbock, TX



Hydrogen Delivery Fuel Cells

Safety, Codes & Standards

Hydrogen Storage

Systems Engineering

Hydrogen Production

SANDIA R&D FOCUS IS ON MATERIALS AND SAFETY

Sandia provides deep, quantitative understanding and a scientific basis for….

Materials – for hydrogen production, storage, delivery, conversion and utilization

Safety – risk analysis and the creation of risk-informed standards
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Discovering the behavior and 

performance of solid storage 

materials
Discovery of advanced 

water-splitting materials 

for large-scale H2 

production

Hydrogen for marine, rail, 

and aviation

Elucidation of 

hydrogen 

embrittlement 

phenomena at the 

atomistic scale
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Facility at the Scripps Institution of Oceanography in San 

Diego CA; Moss Landing Marine Laboratory in Monterey CA, 

Pier 54 at the Port of San Francisco, San Francisco CA and 

Wharf 5 at the Port of Redwood City, Redwood City CA.

With the technical performance goals thus formulated, and 

the ports of call determined, the Zero-V design activity com-

menced.  

The design of the Zero-V that satisfie

s

 al l of  the Scri pps  sci -

ence missions, and can visit all the anticipated ports of call is 

shown in Figures 1 and 2.  

Three hull-forms were evaluated for the Zero-V:  monohull, 

catamaran and trimaran.  The trimaran hullform was selected 

because it enabled a vessel that could meet all of the space 

and volume requirements as well as fit

m

e nt  of  the ma chi n -

ery, service, and control spaces necessary for operation of 

the vessel.  The arrangements consider the operations of the 

vessel such as access between science spaces, the working 

deck, and science handling systems as well as visibility and 

sight lines from control stations to the working areas and 

equipment.  

To reduce weight, the vessel has to be constructed of alumi-

num.  The beam and length requirements were driven by the 

requirement that the vessel be able to dock at all primary 

ports of call for the vessel. Of these ports of call, the most 

restrictive refueling location is the Monterey Bay Aquarium 

Research Institute (MBARI) Pier at the Moss Landing Marine 

Laboratory (MLML).  The beam (width) of the Zero-V is 56 feet, 

with a length of 170 feet. The vessel displacement is 1,175 

LT.  The draft is 12 feet, limited primarily by the water depths 

at the Moss Landing Harbor channel and MBARI Pier, as well 

as the water depth at Pier 54.   The cruising speed is 10 knots 

as determined by the science mission requirements.  With 

10,900 kg of consumable LH
2
 stored in two LH

2
 tanks, the 

range of the vessel is 2400 nm, or an endurance of 15 days. 

The Zero-V is designed to be home to 18 scientists, 11 crew 

and to be truly zero-emissions on the water. The vessel per-

forms “station keeping” by dynamic positioning.  

The Zero-V design follows traditional arrangements for a 

research vessel even given the trimaran hull type.  A cut-away 

view of the Zero-V is shown in Figure 3, giving the locations of 

the mechanical and propulsion system components. 

An integrated fuel-cell electric plant supplemented with small 

lithium-ion bridging batteries provides both propulsion and 

ship service electrical.  The fuel cells are Hydrogenics HyPM 

HD 30 fuel-cell power modules arranged into power racks 

with each rack holding six fuel-cell modules.  Each rack has a 

total power output of 180 kW.  With ten racks total, the vessel 

has 1,800 kW of installed power.  The 10 hydrogen fuel-cell 

racks are evenly distributed between Starboard and Port 

fuel cell rooms, allowing the vessel to continue operation at 

reduced power if one space must be taken out of service for 

maintenance. The fuel cells provide DC power, which must be 

conditioned, converted and inverted to provide bus DC and 

AC power, respectively.  

To provide the required position keeping for on-station sci-

ence work, the vessel is fit

t

ed wi th a ret ractabl e azi mu t hi ng 

bow thruster as well as stern thrusters in each outer hull.  

Additionally, high-lift fla

p

 rudder s ar e pr ovi ded to ma xi mi ze 

steering forces produced from the main propellers during 

station keeping.  The Zero-V uses one propulsion motor to 

power each of its two propellers. Based on the resistance and 

powering calculations, it was determined that 500 kW motors 

provide suffic

i

ent  powe r  for  the var i ous  mi ssi on requi re -

ments and also have enough reserve power for safe opera-

tion in heavy seas and for dynamic positioning.  High-torque 

alternating current (AC) permanent magnet type motors were 

selected as the propulsion motors.  These motors can be 

directly coupled to the propeller shaft to provide effic

i

ent  and 

quiet operation.  

The vessel is outfit

t

ed wi th two  fixe

d

 pit ch propel l ers.  Each 

propeller is approximately 2.1 m in diameter. Fixed pitch 

propellers are chosen for their simplicity, low capital and 

operating cost, and quiet operation.  The propellers are of 

wake-adapted design to minimize underwater noise as well 

Figure 1:  Renderings of the Zero-V zero-emission hydrogen fuel cell 
research vessel.

Develop new membrane 

systems for enhanced 

electrochemical performance

State-of-the-art characterization 

of thermophysical & 

thermochemical behavior of H2 

integrated with Bayesian theory  

Materials Compatibility



Sandia’s H2 safety codes and standards program has coordinated 
activities that facilitate deployment of hydrogen technologies
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Hydrogen Behavior:
Develop and validate scientific models to accurately 

predict hazards and harm from liquid releases, flames, etc.

Enable Hydrogen Infrastructure through Science-
based Codes and Standards

Apply QRA and behavior models to real problems 
in hydrogen infrastructure and emerging technology

Quantitative Risk Assessment, tools R&D:
Develop integrated methods and algorithms enabling 
consistent, traceable, and rigorous QRA (Quantitative 

Risk Assessment) for H2 facilities and vehicles

problems

analysis

https://hyram.sandia.gov

https://hyram.sandia.gov/


We developed a cryogenic release platform inside the laboratory 
for small-scale releases P = 1 bar, d= 1mm, T = 37 K, distance = 325 mm

Enables studies of: 
• Dispersion
• Ignition
• Heat transfer



Measurements of dispersion from round releases have been used 
to validate models

• Experiment: thick, dashed lines and shading
• Model: think, solid lines 



Radiant fraction data was shown to collapse onto a single curve, 
regardless of aspect ratio, temperature, or even fuel

• Radiant fraction for hydrogen 
lower than for methane

• No clear aspect-ratio dependence

• All data collapses onto a single 
curve

𝑋𝑟𝑎𝑑 = 2.33 × 108 𝜏𝑔𝑎𝑃𝑇𝑓
4 0.44



At moderate distances downstream (40 diameters), concentration 
profiles are the same along the major and minor axes

Aspect ratio 16 Aspect ratio 32

• Concentration profiles are Gaussian and self-similar

• No significant difference between high aspect-ratio nozzles and round nozzle profile



A mobile laser scanning system was developed for outdoor use 
and deployed at the LLNL liquid hydrogen pad
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Experiments demonstrated that humidity has little effect on 
hydrogen/visible plume trajectory

• Additional humidity does not 
lead to larger (wider) visible 
plume

• Buoyancy not affected by 
humidity (trajectories similar)

• Raman signal similar for all 
(19-74%) relative humidity
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High humidity (RH = 74%), 16 g/s

Low humidity (RH = 40%), 16 g/s

Low humidity (RH = 19%), 20 g/s➢ Condensation of water vapor 
has minimal influence on 
dispersion



Qualitative comparisons show good agreement to the model 
predictions

High humidity (RH = 74%), 16 g/s

Low humidity (RH = 40%), 16 g/s

Low humidity (RH = 19%), 20 g/s 

• Predicted trajectory slightly less 
buoyant for lower flow rate and 
slightly more buoyant for higher 
flow rate

– Trajectory also affected by light 
winds 

• Raman signal nearly all falls 
within predicted 20% mole 
fraction contour shown in white

• Challenges quantifying small 
Raman signal with shifting winds



Validated models from HyRAM+ were used to update the 2023 
edition of NFPA 2 for bulk liquid hydrogen

• Consequence-based distances from dispersion, 
heat flux, and unconfined overpressure criteria

• Distances are most often reduced for group 1 
exposures

• Distances for group 3 exposures are increased 
in many cases

• Distances can be reduced through the use of 
fire-barrier walls and welded, vacuum-insulated 
piping



Upcoming liquid hydrogen pooling and vaporization experiments will 
enable additional development of science-based codes and standards
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• Experiments will measure extent of pooling and 
vaporization rate for various controlled cross-
winds

• Using thermocouples and HyWAM sensor array 
(in collaboration with NREL) for concentration 
measurements

• Pooling and heat flux measured with visible and 
IR cameras and embedded thermocouples

industrial fan

filter bank

interchangeable 
release 

substrate

phase separator 
dewar mobile sensor 

mounts

pneumatic valve

➢ Data will be well suited for model validation, with careful control of boundary conditions



Summary and conclusions
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Sandia has coordinated experimental and modeling activities on cryogenic hydrogen

• HyRAM+ contains reduced order models for compressed and cryogenic hydrogen

• Laboratory experiments using a heat exchanger and releases through small nozzles

• Data on flames and dispersion used to validate models

• Little difference observed between high-aspect ratio releases and round releases

• Outdoor vent-stack release experiments measured larger releases

• Condensation of water vapor has minimal influence on dispersion

• Challenges quantifying small Raman signal with shifting winds

• Upcoming experiments to study pooling and vaporization

• Models from HyRAM+ were used to update the 2023 edition of NFPA 2 for bulk liquid 
hydrogen



Quest ions?

ehecht@sandia.gov

Thank you!

mailto:ehecht@sandia.gov


SANDIA HAS FIVE MAJOR
PROGRAM PORTFOLIOS
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• Advance the state of the art within three 

climate focal areas: measurement and 

modeling, clean energy and processes, and 

resilient infrastructure 

• Apply climate expertise to strategic cross-

cutting issues including risk assessment and 

decision support, intervention, arctic science 

and security, mitigation and adaptation, and 

treaty monitoring and verification 
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• Develop cutting-edge R&D facilities like a next 

generation concentrating solar power plant and climate 

security analysis center 

• Model the way forward in site sustainability with the 

goal of net-zero emissions at Sandia/California by 2040 

and Sandia/New Mexico by 2045
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SANDIA IS BUILDING CLIMATE 
SECURITY THROUGH SCIENCE, 
TECHNOLOGY AND ACTION



1960 1970 1980 1990 2000 2005 2010 2015 2020 2023

Decades of Hydrogen Research at Sandia
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