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An almost universal facet 

of modern intelligence 

gathering is monitoring 

the unseen and silent 

chatter of wireless 

communications. Scout™  
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spectrum and locate signal 
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This inactive 17-million-year-old 
fault in exposed Edwards 
limestone north of San Antonio 
includes pockets of calcite 
and linear features showing 
movement. SwRI’s 3DStress® 
software models stresses on 
faults that lie deep underground 
to better understand seismic 
events, including those 
caused by human activities.
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Consider this scenario: A remote warehouse containing valuable material has 
been severely damaged. You don’t have the resources to guard it full-time. How 
do you keep people out until you can return with a larger crew to recover the 
items? Just locking the doors won’t suffice as the structural damage created  
vulnerability. How do you prevent the merely curious as well as others who are 
highly motivated by profit or ideology from accessing and looting the facility? 
How do you dissuade or slow the more nefarious individuals while ensuring you 
don’t harm those who are simply inquisitive?

By Joe Mitchell, Ron Mathis and Mark Tellez

CREATING NONLETHAL TACTICS  
TO PROTECT AT-RISK ASSETS



 Southwest Research Institute has been working on access denial 
techniques for more than 20 years. Under a project sponsored by  
the Defense Threat Reduction Agency, SwRI engineers recently 
developed and demonstrated a system that can detect an intruder 
and activate a variety of aversive devices designed to deter people 
from entering or looting a defined area. Engineers worked with the 
Edgewood Chemical-Biological Center to conduct the Combined 
Effects Payload for Access Denial program. CEPAD is one of several 
threat deterrence and access denial programs that SwRI has conducted. 
Past programs include the Portal Obstruction Device (see POD p. 7) 
and the Mobility Denial System, which deposits slippery material to 
prevent movement. The ongoing Long Range Ocular Interrupter 
program uses high-powered eye-safe laser light to warn potential 
adversaries and disrupt hostile actions.

DETERRENT TECHNOLOGY

 The goal of the CEPAD program is to design a system to dissuade 
or prevent individuals from accessing a protected area using a set of 
devices that produce aversive effects intended to cause avoidance of 
the situation. A series of active nodes detect the presence and motion 
of an intruder. Each node has “effect” devices that produce differing 
levels of deterrence, ranging from flashing lights to loud noises to 
pyrotechnic effects and stingball grenades that release rubber pellets 
when they explode. The system applies an “escalation of force” 
military strategy. Its nodes communicate with each other and with a 
central control node to intelligently determine the appropriate effect 
level at any given time and place. The types of effects produced vary. 

SwRI created a simulated 
warehouse outfitted with 
technology to detect the  

presence of an intruder and 
activate a variety of aversive 

effects, designed to deter  
unauthorized entry. 

ABOUT THE AUTHORS 
From left: Ron Mathis is a senior program 
manager focused on nonlethal technologies, 
access denial and target vulnerability 
assessments. Joe Mitchell is a principal 
engineer specializing in the development of 
electro-optical, laser, infrared and remote 
sensing systems. Research Engineer Mark 
Tellez supports the design, development and 
testing of mechanical and electrical systems.
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The system ascertains the direction of 
motion and increases the intensity of the 
effects if the intruder does not retreat. 
Ongoing or repeated attempts to proceed 
further into the protected area meet 
increased deterrents, but individuals can 
retreat unimpeded. 

 SwRI configured a simulated warehouse 
to test this system. In the initial phase,  
engineers developed and used robot 
mannequins to simulate intruders and 
trigger the motion sensors.

HUMAN TRIALS

 In the most recent phase, SwRI conducted 
tests to assess the relationship between the 
various effects to determine which  
combinations of modalities are most 
effective at dissuading different groups of 
individuals. To perform this analysis, SwRI 
worked with the San Antonio-based Air 
Force Research Laboratory’s Human Effects 
Center of Excellence (HECOE) to develop a 
testing protocol using volunteers. These 
volunteers were “cast” in the roles of 
various individuals attempting to access a 
warehouse and conduct tasks associated 
with looting material. Engineers gathered 
data about the subject’s performance to 
populate a behavioral model developed by 
HECOE. The model is designed to predict 
the behavioral response of individuals and 
groups with varying levels of motivation  

to aversive devices with varying levels  
of deterrence. 
 Working with HECOE, SwRI engineers 
designed a custom obstacle course to 
measure how well these “actors” perform 
two main types of tasks. The first involves 
gross motor control — the ability to 
maneuver large or heavy objects. For this, 
test subjects had to move a large heavy 
barrel, loading it on a dolly, maneuvering it 
precisely along a curved path and delivering 
it to a specific location. The process then 
had to be reversed, returning the object to 
the starting point by the same path.
 The second type of task involved fine 
motor skills and working memory. The 
scenario they developed required a test 
subject to first memorize a combination 
and then walk to a different location and 
open a safe with a pushbutton lock. The 
subject had to repeat this process with two 
different combinations, one of which was 
numerically reversed, requiring the subject 
to switch the numbers mentally. To 
heighten the challenge, the safe would lock 
the subject out if the combination was 
entered incorrectly too many times.
 While attempting to perform these 
tasks, the test subject was assaulted by 
varying combinations of aversive and 
distracting stimuli. The obstacle course was 
dark, with only low, emergency-level 
lighting and strobe lights set up around the 

SwRI evaluated how deterrents affect a test 
subject’s gross motor skills, in this case using 
large muscle groups to maneuver a heavy 
object. Subjects had to load a barrel onto a  
dolly and deliver it to a specific location, 
following a curved path without deviating 
outside the lines while being subject to  
varying levels of distraction. 
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Engineers used a custom-developed obstacle 
course (above) to evaluate a test subject’s 
ability to perform tasks in a dark, distracting 
environment, including strobe lights, 
pyrotechnics and earphones playing a 
high-volume soundtrack, including gunfire, 
screeches and explosives. 

 DETAIL 
Nonlethal weapons, also 
called less-than-lethal or 
deterrent systems, are less 
likely to kill a living target 
than conventional weapons, 
such as firearms. While 
unintended or incidental 
casualties can happen 
wherever force is applied, 
nonlethal weapons  
reduce the risk. 
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To evaluate fine motor skills and memory, testers
asked subjects to memorize a code and then go to 
a safe and open its pushbutton combination lock. 
They had to complete this task twice using two 
different combinations in an aversive environment, 
including flashing strobes and pyrotechnics.

perimeter. The strobes operated at slightly 
different frequencies, aimed at the areas 
where the combination was to be read and 
the safe was to be opened. Each subject also 
wore earphones that played a soundtrack 
of very loud, highly distracting noises, 
including gunfire, traffic, heavy equipment, 
crying babies, screeches and explosions.  
 Around the perimeter of the test area,  
a set of pyrotechnic pressure-generating 
devices produced loud bangs, bright 
flashes of light and sudden blasts of 
pressures. In certain tests, engineers fired 
the pyrotechnics at specific times as the 
subject moved through the course to make 
them flinch, distract them from their task  
or disrupt their working memory.

DETERRENTS AND MOTIVATIONS

 An independent Institutional Review 
Board (IRD) approved the SwRI-developed 
sequence of test activities as well as the 
steps taken to minimize potential hazards 
to the test subjects. SwRI recruited volun-
teers for the tests from a pool of candidates 
that met specific profiles.
 Because the level of deterrence needed 
will vary depending on the individual, the 
test protocol assigned and evaluated three 
levels of motivation for a potential intruder. 
In this scenario, the first motivational level 
is that of inquisitive individuals entering 
places merely to satisfy their curiosity. They 
seize the opportunity to go inside the 

warehouse, even though they know they 
are not allowed. They think, “Look at all 
these barrels! I wonder what’s in all these 
things.” They want to take the barrels 
outside to inspect them, to look for 
anything interesting. Their goal is to take  
as many barrels as they can to satisfy  
their curiosity.
 The second motivational level is that of 
profiteers. They make their living stealing 
high value items, such as cars or surplus 
military equipment, and selling them to the 
highest bidder. They know valuable objects 
are usually protected and that an alarm  
system may detect their presence. They 
believe something lucrative must be in the 
warehouse. When they enter the room,  
they immediately assume that the barrels 
contain valuable items. Their goal is to take 
as many barrels as they can to increase profit.
 The highest level of motivation belongs 
to ideologues who are driven by political 
and/or religious beliefs. These individuals 
are willing to sacrifice their lives if it means 
their cabal will thrive for future generations. 
An authority figure of their organization 
ordered them to remove these barrels 
because materials inside could further their 
cause. Their goal is to take as many barrels 
as they can to please their circle and to satisfy 
their personal commitment to the cause.
 SwRI engineers configured the course to 
allow each subject to conduct the tests 

D022804_1984, D022804_1935, D022804_1934
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safely while gathering relevant data. Crowd control barriers 
surrounded the task performance area, safely separating the test 
subjects from pyrotechnic devices. This area was cluttered with 
debris and objects, simulating a real warehouse environment while 
concealing the pyrotechnics. Within the test area, the retroreflective 
tape on the floor outlined the route for the barrel movement. 
Infrared cameras and illuminators mounted at either end of the 

track allowed testers to observe 
whether the dolly stayed within the 
marked lane and how fast the dolly 
was moving. They could also time 
how long it took the subjects to open 
the safe and assess how many errors  
were made.
      Engineers measured the heart rate 
and blood pressure of the subjects 
before, during and after the test. The 
team also evaluated working 
memory before and after the test, 
asking the subjects to recite a set of 
numbers. In addition, test subjects 
answered a questionnaire related to 
the three intruder motivation levels.

PREDICTIVE MODELS

 In addition to the testing conducted at SwRI, our CEPAD 
collaborators have evaluated the effects of other deterrents, such as 
smoke and malodorants, using a similar protocol. All the test data 

are being input into HECOE’s behavioral model, known as 
Simulated Agent Response to Directed Energy Applications and 
New Technology. This computer model will produce a virtual 
simulation of how “intruder avatars” will respond to various 
stimuli. Through this software, it should be possible to predict the 
types of effects, at what intensities and in what combination will 
most effectively dissuade each motivation group. The ultimate goal 
is to design the most effective deterrent systems to protect assets 
from both the curious as well as those who seek to do harm.

WHAT’S NEXT?

 SwRI could expand CEPAD human subject testing to include 
groups acting in unison. SwRI’s prototype testing demonstrated 
the capability to integrate multiple deterrent devices to central 
command modules within a protected area. In the future, the 
command module could be expanded to allow audio-visual data  
to be sent to a command post to alert a monitor of the intrusion 
into a secured area, in case a more aggressive response would be 
required. While the deterrent devices employed in the initial 
assessment demonstrated the capability to discourage some 
individuals, SwRI could evaluate more aggressive devices such as 
stingball grenades, smoke and malodorants. More than 20 years of 
experience in developing nonlethal systems is now complemented 
by expertise in designing IRB-approved human test activities, 
opening up a range of new project possibilities. 

Questions about this article? Contact Mathis at (210) 522-3136  or 
ronald.mathis@swri.org.
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 DETAIL 
An avatar is an icon or  
a figure representing a 
particular person in video 
games, internet forums, or,  
in this case, a computer 
model. For CEPAD, various 
intruder avatars are designed 
to represent the curiosity 
seeker, the profiteer and  
the ideologue. 

Principal Technician Gregg Williams collects data from the test subjects completing the obstacle course for input into a behavioral model to produce a 
virtual simulation of how “intruder avatars” will respond to various stimuli. The ultimate goal is to design the most effective deterrent systems to protect 
assets from both curious and nefarious intruders.
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POD PROTECTION

 SwRI developed a Portal Obstruction Device to deny specific 

access via tunnels, passageways or any confined entry point. 

POD is a field-deployable system designed to encumber the 

passage of individuals or vehicles through large openings,  

requiring significant effort to remove or defeat the obstruction.

 POD consists of two separate components: an inflatable 

structure to block large openings or tunnels and “dragon teeth,” 

pyramid-shaped obstacles up to 18 inches tall attached to 

roadways to delay vehicle passage. While a sufficient number of 

individuals could eventually defeat a reinforced inflatable barrier, 

it was designed to delay passage by a minimum of 30 minutes. 

The pyramid obstacles, bonded to the road surface, are designed 

to defeat or deny passage of a vehicle by puncturing tires or 

damaging the vehicle undercarriage. To prevent removal, each 

obstacle contains subcomponents, activated by a timer or when 

a physical force is applied to the external structure. The devices 

can be deployed with a mix of lethal and/or nonlethal payloads 

such as smoke, malodorants, pyrotechnics or explosives to deter 

loitering and hamper POD device removal.

 SwRI fabricated and evaluated the inflatable barrier by 

driving a large forklift, with a simulated vehicle bumper attached 

to the forks, into the bladder. For this field demonstration, the 

bladder was enclosed in a tear-resistant outer membrane 

adhered to the surrounding surfaces. A Kevlar membrane would 

provide additional penetration protection from small arms 

munition or piercing objects.

 To demonstrate the roadway blockade, 25 dragon teeth were 

randomly adhered around an 8-by-12-foot area constrained by 

concrete walls. We designed a self-contained, pneumatically 

operated adhesive dispenser to apply the pyramids to surfaces. 

During the demo, a commercial van made multiple attempts at 

negotiating the field, compounding damage until the alternator 

drive belts failed, the radiator was punctured and the engine 

stopped. Testers attempted blockade removal with a sledge- 

hammer. All loosened pyramids showed the concrete failed 

rather than the adhesive, indicating that the strength of the 

bond exceeded the tensile strength of the concrete substrate.

 The POD field demonstration showed the effectiveness of an 

inflatable obstacle, positioned inside a portal, to deny egress/

ingress of individuals for a limited time. Vehicle obstacles, such as 

the pyramids topped with razor-sharp edges and penetrating 

spikes, attached to the substrate would further delay a wheeled 

vehicle access through the portal. Similar distribution of the 

self-adhering dragon teeth obstacles on any road surface or 

runway would deny or delay access for a finite period of time.  

 

The POD field-deployable system includes this inflatable structure 
designed to thwart the passage of individuals or vehicles by 
blocking large openings or tunnels.

POD deploys 
“dragon teeth,” 
pyramid-shaped 
obstacles up to 18 
inches tall that 
attach to roadways 
to delay vehicle 
passage.

Deployment
Release

Package

15-pack
“Dragon Teeth”
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 Imagine this classroom demonstration 
of liquefaction: The instructor opens a 
container of yogurt, turns it upside down 
and places the contents onto a plate. The 
yogurt “cone” retains the shape of its 
container, even when the instructor sets 
an apple on it. Then the instructor jiggles 
the plate rapidly side-to-side. The “yogurt 
cone” begins to collapse, and the apple 
slowly sinks into a yogurt puddle.
 Voila. That is liquefaction. 
 At the macro-scale, earthquakes can 
similarly liquefy solid ground in places 
where sandy, water-saturated layers lie 
beneath seemingly solid terrain. The 
stakes for recognizing and mitigating the 
potential for seismic-induced liquefaction 
are high. It was responsible for much of 
the damage and loss of life from the 
Niigata and Great Alaska earthquakes in 
1964. It was a major contributor to the 
destruction in San Francisco’s Marina 
District during the 1989 Loma Prieta 
earthquake. Liquefaction during a 2010-11 
sequence of earthquakes in Christchurch, 
New Zealand, destroyed 15,000 single- 
family homes and severely damaged 
hundreds of buildings in that city’s central 
business district.

LIQUEFIED 
ASSETS

New consortium  
to put earthquake  

models on  
solid ground 

By John Stamatakos, Ph.D.

        

ABOUT THE AUTHOR 
Dr. John Stamatakos is a geologist and geophysicist 
with international experience in structural geology, 
earthquake seismology, tectonics, neotectonics and 
exploration geophysics. Stamatakos is the technical 
programs director for SwRI’s Center for Nuclear 
Waste Regulatory Analyses. He supports geological 
and geophysical evaluations of seismic and volcanic 
hazards at critical nuclear facilities.
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This USGS-based map illustrates expected levels of shaking from future earthquakes 
in the San Francisco Bay area. The most severe tremors generally follow the active 
faults; however, their intensity is also influenced by the type of materials underlying 
an area. Soft sediments tend to amplify and prolong shaking.

 DETAIL 
Liquefaction occurs 
when loose soil, 
saturated with water, 
is shaken by an 
earthquake, causing 
the soil to behave  
like a liquid. 

STABLE SOIL

Supports 
construction

Buildings  
can tilt, sink 
and fail

LIQUEFIED SOIL
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LIQUEFACTION
 Normally, layers of soil remain separated and the surface is strong 

enough to support even large-scale construction projects. But 
under an earthquake’s tremors, strength and separation quickly 
disappear. In some cases, the ground may simply liquefy, swallow-
ing cars, streets and buildings. In others, buried sewers can float to 
the surface, or watery mud can boil up from the ground, far from 
any stream or shore. Even earthquake-resistant buildings can tilt or 
tip over as the ground beneath their foundations gives way. 
 How is this possible? Liquefaction requires 
three factors: The first is soil composed of 
loose, granular sediment — often “made”  
land, such as when marshland is filled with 
material to create solid ground. Second, the 
sediment is saturated by groundwater, filling 
the spaces between the grains of sand and  
silt. The final factor is strong shaking.  
Liquefaction occurs when these sodden 
sediments experience powerful tremors.  
Liquefaction can devastate large regions causing  
widespread damage, as seen when the 1989 
Loma Prieta earthquake shook the San Francisco region.

CONSTRUCTION CONCERNS

 Obviously, the potential for soil liquefaction is a major concern 
for engineers designing critical infrastructure such as dams, roads, 
pipelines and nuclear power plants in earthquake-prone areas. 
Over the years, scientists working separately have developed a 
number of different mathematical models to predict this potential. 
However, the models differ enough from each other that they may 
produce conflicting results: one may indicate that liquefaction will 
occur, and another that it will not.
 New technical analysis of liquefaction events worldwide could 
help scientists to resolve existing models into a single, reliable new 
model that geotechnical engineers can use with confidence. The 
National Academy of Sciences issued an appeal to the geotechnical 
community to advance understanding of soil liquefaction and to 
develop improved models to predict its occurrence and effects. To 
that end, SwRI’s Center for Nuclear Waste Regulatory Analyses 
(CNWRA®) is working with the Pacific Earthquake Engineering 
Research (PEER) Center to create the Next-Generation Liquefac-
tion Consortium. The consortium will develop a reliable, open-
source liquefaction database along with consequence models that 
all engineers and scientists can use. 

LIQUEFACTION POTENTIAL

 Accurate engineering assessments are essential to cost- 
effectively protect life and infrastructure and to mitigate adverse 
economic, environmental and societal impacts of liquefaction. 
Early efforts to understand liquefaction potential involved testing 
soil samples in laboratory experiments. Scientists used reconstituted 
soil specimens of loose, clean, saturated sands similar to those 
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known to have liquefied during earth-
quakes. Although those tests provided 
valuable insights into the soils’ mechanical 
properties, scientists discovered that 
conditions and characteristics of reconsti-
tuted test specimens did not accurately 
represent those soils in nature. The 
applicability of lab results to field condi-
tions has proven tenuous.

 Geotechnical engineers then shifted 
their evaluations to in situ behavior of 
soils based on case histories of significant 
liquefaction events. Scientists compared 
sites where liquefaction occurred with 
sites with no observed ground failure. For 
those sites with ground failure, they also 
evaluated the magnitude and distribution 
of ground cracking, settlement and lateral 
spreading. To understand why the ground 
failed at some sites but not others, 
scientists considered groundwater table 
depth, severity of shaking and soil 
resistance. The severity of shaking 
considers both the amplitude and duration 
of shear stresses induced in the soil by 
earthquakes. Soil resistance is measured 
by driving a soil sampler or instrumented 
cone vertically into the soil at a controlled 
rate. Scientists plotted the parameter 

When surrounded by liquefied 
soil, light structures buried 
underground can float to the 
surface. During the 2004 
Chuetsu earthquake in Japan, 
liquefaction caused sidewalks to 
sink and manholes to rise.

The collapse of the two-level Cypress Freeway was the 
most lethal event associated with the 1989 Loma Prieta 
earthquake. Reclaimed marshland amplified the shaking 
and soil liquefaction occurred.
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DETAIL
When the Loma Prieta earthquake hit, the 
third game of the 1989 World Series 
matchup between the San Francisco 
Giants and Oakland Athletics was about  
to begin. Because both Major League 
Baseball teams were based in the affected 
area, many people left work early or 
stayed late to participate in viewing 
parties. Traffic on the normally crowded 
freeways was unusually light. During the 
earthquake, liquefaction contributed to 
the collapse of Oakland’s Cypress Freeway 
across the bay, which killed 42 people, a 
number that likely would have been 
significantly higher if not for the game. 
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combinations to identify characteristics corresponding to  
liquefaction, or the lack thereof.  
 Unfortunately, this case-history-based research occurred 
primarily within the traditional academic framework. As such, 
individual subsets or small groups each assembled and interpreted 
their own subset of case history data to develop predictive 
liquefaction models. As a result, these individual models often 
derive different, even conflicting, results. Practicing engineers, 
construction companies, utilities, state agencies, insurance  
agencies and federal regulators must wrestle with those  
differences as they decide where and how to design, construct  
and protect critical infrastructure. 

DETERMINISTIC VS. PROBABILISTIC MODELS

 An added complexity is that many current liquefaction 
methods and models are largely deterministic, meaning they are 
based on specific inputs only and do not take uncertainty into 
account. In contrast, current approaches to risk analyses, decision 
making, regulation and design of critical infrastructure prefer 
performance-based, risk-informed probabilistic methods.  
 In 2013, PEER researchers brought together an international 
team to develop a new paradigm for evaluating liquefaction 
research and engineering while developing models that address 
liquefaction triggering and consequences. The PEER project 
identified three objectives to revamp and standardize liquefaction 
modeling technology. First, the industry should substantially 
improve the quality, transparency and accessibility of case history 
data related to ground failure. Second, the industry should 
provide a coordinated framework for supporting studies to 
augment case history data. And third, the industry should provide 

an open, collaborative process where developer teams have access 
to common resources and share ideas and results during model 
development. This open process should reduce the potential for 
mistakes and develop best practices.

     In 2016, the National Academy of Sciences documented 
concerns about seismically induced liquefaction, describing the 

current state of engineering practice and 
highlighting the shortcomings of 
existing methods and models. Their 
report recommended that the country 
establish a curated, publicly accessible 
database of relevant liquefaction 
triggering and consequence case-history 
data. The database should include case 
histories of events where soils have 
interacted with buildings and other 
structures, documenting relevant field, 
laboratory and physical model data. The 
database should meet strict protocols for 
data quality.

     The U.S. Nuclear Regulatory 
Commission (NRC) also recognized the 

uncertainty in current liquefaction methods and models, citing 
specific concerns on how to develop and implement reliable, 
robust, performance-based and risk-informed nuclear safety 
regulations. In 2016, NRC contracted with SwRI’s CNWRA to 
support the first of the three PEER project objectives: developing a 
liquefaction case-history database. Many key stakeholders and 
participants are collaborating on this task. 

During the 2011 earthquake in Christchurch, New Zealand, liquefaction 
buckled roads, trapping cars as water and sand spewed out of cracks.
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 DETAIL 
Mathematical models  
are often used as  
decision-making tools, 
processing data inputs  
to predict outcomes.  
A deterministic model 
typically yields a single 
solution. A probabilistic 
model provides a  
distribution of possible 
outcomes and indicates  
how likely each is  
to occur.
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NEXT-GENERATION LIQUEFACTION  
CONSORTIUM

 Achieving all objectives, however, will 
require a much larger effort than can be 
supported by a single client organization. With 
substantial experience in organizing, managing 
and successfully completing projects of this 
scope and scale, SwRI is working with PEER to 
launch the Next-Generation Liquefaction 
(NGL) consortium to that end. Potential 
members include U.S. and international clients 
that construct, manage or regulate critical 
infrastructure that could be susceptible  
to liquefaction. 
 The NGL consortium 
will advance the state 
of the art in liquefaction 
research and provide 
end users with a 
consensus approach to 
assessing liquefaction 
potential. The consor-
tium’s goal is to collect 
data using rigorous 
standards. Based on this 
database, scientists will create probabilistic models 
that provide hazard- and risk-consistent bases 
for assessing liquefaction susceptibility, its 
potential for being triggered in susceptible 
soils, and its likely impact. Multiple models for 
each step in the framework are likely to be 
developed, and because they will have been 
derived from a common database, differences 
in model predictions will reflect genuine, 
“apples-to-apples” uncertainties associated 
with different modeling approaches. Most 
importantly, the consortium is committed to an 
open and objective evaluation and integration 
of data, models and methods. The evaluation 
and integration of the data into new models 
and methods will be clear and transparent. 
 Following these principles will ensure that 
the resulting liquefaction triggering and 
consequence models are reliable, robust and 
vetted by the scientific community, providing  
a solid guide for designing, constructing and 
overseeing critical infrastructure projects.

Questions about this article? Contact Stamatakos at 
(301) 881-0290 or john.stamatakos@swri.org.

Liquefaction associated with a 2016 earthquake 
in Christchurch, New Zealand, caused sand 

volcanos to erupt in the Avon-Heathcote Estuary.

 DETAIL 
Sand volcanos form 
when liquefaction or 
other processes eject 
sand onto surfaces  
from a central point.  
The sand builds up into 
volcano-shaped cones. 
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Liquefaction contributed to damage from the 1906 San Francisco earthquake, 
as evidenced by this tilted Victorian home.

During the 1964 Niigata earthquake in Japan, liquefaction caused large areas to subside by up to 4 feet. Apartment complexes 
built on reclaimed land near the Shinona River sank, tilted and, in one case, completely tipped over.

JOINING THE CONSORTIUM

The Next-Generation Liquefaction 
(NGL) Consortium will bring together 
various governmental and commercial 
entities that would benefit from 
improved predictive liquefaction 
models. These include state and 
federal regulators, insurance and 
re-insurance companies and highway 
and bridge authorities, as well as 
owners and operators of large dams, 
ports and other critical infrastructure. 
NGL will combine the engineering and 
scientific experience of PEER with 
CNWRA expertise in seismology and 
SwRI’s extensive experience in 
managing large consortia. Interested 
stakeholders can contact Dr. John 
Stamatakos at SwRI (jstamatakos@
swri.org) or Dr. Jonathan Stewart at 
UCLA (jstewart@seas.ucla.edu).

swri.org/external-hazard-assessment
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SwRI-UTSA INVEST IN JOINT RESEARCH
 

 SwRI and The University of Texas at San Antonio (UTSA) announced two new Connecting through  
Research Partnerships (Connect) projects, each project receiving $125,000 in funding. One project will 
research ways to mitigate cracking and corrosion in oil and gas piping and related equipment. The other  
will investigate powering a traffic management system using sustainable thermal energy.
 The Connect program enhances scientific collaboration between SwRI and UTSA and increases their  
research funding base. Since 2010, the joint SwRI-UTSA Connect Program has funded 13 projects.
 “The Connect projects selected this year deal with two important infrastructure assets  — roads and pipelines,” 
said SwRI Executive Vice President and COO Walt Downing. “UTSA faculty and graduate students working 
together with SwRI scientists and engineers will develop innovative technologies to increase public safety.”

CORROSION
 The safety and environmental 

risks associated with failure of deep 

sea drilling and pipeline equipment 

are enormous. Corrosion is a 

significant risk factor. SwRI and UTSA 

are working to identify solution 

chemistries and oxide film compositions 

associated with localized corrosion 

and cracking. Using Raman spectroscopy 

and electrochemical corrosion 

measurements, the team will evaluate 

critical corrosion pathways and 

identify inhibitors or advanced 

materials to mitigate their effects. 

 SwRI’s James Dante is collaborating 

with UTSA’s Dr. Brendy C. Rincon 

Troconis on “Effects of Triazine-Based 

H2S Scavenger Byproducts on the 

Film Composition and Cracking of 

Carbon Steel in Oilfield Applications.”

  “SwRI is a recognized leader in 

the corrosion community with 

extensive expertise in the oil and gas 

industry,” Dante said. “SwRI is using 

this expertise and well-developed 

testing infrastructure to work 

collaboratively with UTSA to bring 

new methods of assessing the 

mechanisms of corrosion in harsh oil 

and gas environments.”

Using Raman spectroscopy and other 
methods, SwRI and UTSA are evaluating 
corrosion pathways to find ways to prevent 
material failure caused by corrosion 
cracking in oil and gas equipment.
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TRAFFIC  
TECHNOLOGY
 SwRI and UTSA are collaborating to 

develop a novel traffic system that would 

harvest ambient energy to power 

sensors to detect traffic and activate 

signage. Texas road fatalities in rural  

areas reached a record high in 2016, 

about 2.4 times greater than fatality rates 

in urban areas. A potential cause may be 

the lack of signals at intersections.

 SwRI’s Dr. Jerome Helffrich is 

collaborating with UTSA’s Dr. Samer 

Dessouky on “Promoting Sustainability 

and Safety for Texas Rural Roadways 

through Self-Powered Sensing and 

Detection Systems.”

 “We are excited about collaborating 

with UTSA to improve Texas roadways,” 

Helffrich said. “Our work endeavors to 

combine SwRI expertise in sensors and 

electronics with UTSA expertise in 

electronics, highway construction and 

management. We plan to develop a 

traffic sensor that is cheaper and less 

complex than those typically used. This 

sensor-based system can be implemented 

in rural areas where costs have discour-

aged the use of traffic control systems  

to reduce crashes, fatalities and  

operational costs.”
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ENERGY HARVESTER

SENSOR

STOP SIGN AHEAD

STOP SIGN

SwRI and UTSA scientists  
are investigating advanced 

energy-harvesting sensor 
networks to provide 

intelligent traffic signals  
for dangerous intersections 

in rural areas.
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450

Number of  
observatories launched 

together on a single 
United Launch Alliance 

Atlas V rocket from 
Cape Canaveral Air 

Force Station, Florida, 
on March 12, 2015.

MMS set records for the 
highest and fastest GPS  
fixes in March 2015.

In its first two years, MMS 
research has resulted in an 
unprecedented number of 
peer-reviewed publications, 
more than 450 to date. 
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Over the last 3 years, the SwRI-led Magnetospheric Multiscale mission has 

made a steady stream of discoveries about magnetic reconnection, a powerful 

process seen throughout the universe. NASA’s MMS mission is using the 

Earth’s magnetosphere to study magnetic reconnection, which occurs when 

2 sets of magnetic fields interact, for example when Earth’s magnetic fields 

encounter the Sun’s fields, or when Saturn’s or Jupiter’s fields connect with 

the Sun’s fields or, more likely, with their own fields. When the magnetic fields 

connect and then re-align and snap into a new formation, magnetic energy 

explosively converts to particle energy. The 4 MMS spacecraft fly right 

through these events, much like meteorologists send sensors up into hurricanes 

or tornadoes, and record what happens at the electron scale.

On Sept. 15, 2016, the MMS mission 
achieved a new record: Its four 
spacecraft flew in a pyramid  
formation called a tetrahedron only 
four-and-a-half miles apart, the 
closest proximity of any multi- 
spacecraft formation. 

Number of sensors 
flying on the four  
MMS observatories —  
25 on each — all  
working perfectly.

PHASE 1 of MMS studied reconnection on the dayside of the Earth, 
discovering complex electron motions in the thin layers of electrical current 
where reconnection happens. The electrons’ unique dance allows them to 
gain additional energy and accelerate the reconnection process.  

For PHASE 2, NASA adjusted the spacecrafts’ orbit to study tail reconnection 
on the nightside of Earth in Spring 2017.  MMS looked at particle and wave 
interactions in the Earth’s magnetotail, the region where magnetic 
reconnection is thought to drive the auroras seen above the poles.

NASA extended the mission for THREE more years, allowing for three 
additional dayside and nightside excursions. On the dayside, MMS will fly at 
twice the original distance to investigate reconnection, turbulence, and 
particle acceleration associated with interplanetary shock waves.
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TRIGGERED TREMORS



 Northeast Ohio rarely experienced earthquakes until a cluster of seismic events shook the 
Youngstown area in 2011. Most of the earthquakes were small, magnitude 2.7 or lower, but a 4.0 
tremor on New Year’s Eve was felt from Pennsylvania to Ontario, Canada. While there was no 
major damage, the tremors left many wondering why phenomena more apropos to Southern 
California were repeatedly shaking this small city halfway between Cleveland and Pittsburgh.
 Geologists determined the tremors were not natural but were induced seismicity, triggered 
by human activities, in this case, by injection well disposal of wastewater from oil and gas 
operations in the Marcellus Shale. Today, a team of Southwest Research Institute geologists is 
looking to the Youngstown experience to help them predict how fluid moving through rock 
pathways may cause inactive geologic faults to slip, causing earthquakes. Based on the Ohio 
data, they have conducted an internally funded study to gather real-time data on geologic 
processes at a South Texas wastewater injection well that is part of a water desalination program. 
This integration of historical and current data will help them better understand how wastewater 
injection can awaken seismically slumbering regions. 
 Induced seismicity refers to earthquakes and tremors caused by human activity that affect 
stresses and strains in the Earth’s crust. While most induced seismicity has been of low 
magnitude, the incidence of stronger events increased dramatically nationwide between 2008 
and 2015. The increase corresponds with a boom in onshore, primarily unconventional, oil and 
gas production, which produces wastewater laced with salts and hydrocarbons. According to 
the U.S. Geological Survey, the majority of induced earthquakes are associated with wastewa-
ter injection in deep disposal wells, although petroleum extraction and hydraulic fracturing 
themselves are also risk factors. The USGS report shows that less than 1 percent of the 150,000 
U.S. injection wells are associated with induced earthquakes, and these events typically occur in 
oil- and gas-producing states such as Colorado, New Mexico, Oklahoma and Texas.
 Last year, the USGS published the first induced seismicity forecasts and maps based on 
historical activity and fault data. Based on the new findings, state agencies are starting to 
regulate wastewater disposal near known faults. Meanwhile, communities in the affected areas 
brace for a new wave of seismicity as an uptick in oil and gas prices leads to increased production 
and corresponding wastewater disposal.
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TRIGGERED TREMORS
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INDUCED SEISMICITY

 SwRI has studied earthquake risks posed by faults within the 
Earth’s crust for more than 25 years. SwRI’s Center for Nuclear 
Waste Regulatory Analyses (CNWRA®) initially developed 
3DStress® software to support licensing of the Yucca Mountain 
Nuclear Waste Repository, a proposed deep geological disposal 
facility for high-level radioactive waste. 3DStress is a user-friendly, 
interactive tool to investigate geologic stress states and effects on 
developing and reactivating faults and fractures in crustal rock. 
The software was expanded to support the energy industry — oil, 
gas and geothermal — to understand how faults and fractures 
transmit fluid, which can impact drilling and production.
 The latest version, 3DStress 5.1, can simulate pressure changes 
in fluid-filled pores and natural voids in rock and sediment layers. 
The simulations indicate what’s happening in deep wells used to 
inject fluids into, or extract fluids from, the Earth. 
 SwRI geoscientists are working with the Bureau of Economic 
Geology’s Texas-based seismic monitoring network and the Center 
for Integrated Seismicity Research (TexNet-CISR) program at the 
University of Texas at Austin to investigate the incidence of 
induced seismicity. Part of TexNet-CISR’s mission is to install a 
Texas-wide network of seismometers — the TexNet Seismic 
Network — to understand both natural and human-induced 
earthquakes in the Lone Star State. Meanwhile, the injection well 
monitoring project in South Texas uses the Institute-developed 
3DStress modeling software to predict future fault movement 
associated with the disposal of brackish wastewater from  
desalination activities. SwRI is using local geological and  
hydrological data to map three-dimensional fault networks.   

The data will improve predictive models based on background 
stress, fluid pressure in pores and water pathways within  
underground rock formations.

A CLOSER LOOK AT YOUNGSTOWN

 By applying 3DStress to data from the Youngstown  
earthquake sequence, SwRI geoscientists found that relatively 
small increases in pore fluid pressure can induce seismicity.  
Left undisturbed, the fluids that occupy pore spaces in soil or  
rock typically serve to mitigate stress on bedrock. However, 
disturbances in pore pressure, such as when fluids are injected or 
extracted from the formation, can be destabilizing. In the case of 
Youngstown, a previously unidentified fault poised for reactivation 
was near an injection well. The hidden fault provided pathways  
for injected fluids to move around otherwise impermeable rock. 
The fluids penetrated the fault zone and raised pore pressures, 
causing it to slip.

This map shows the location of the Northstar #1 injection well in Youngstown, 
Ohio, near the Pennsylvania border. Wastewater disposal in the well triggered a 
series of earthquakes in 2011, including a 4.0 magnitude event on New Year’s 
Eve that was felt as far away as Canada.  At right, SwRI used its 3DStress 
software to evaluate earthquakes triggered by wastewater disposal in the 
Northstar well. Seismic events are shown in the well and fault zone (boxed) 
from January to December 2011, colored from the oldest in blue to the 
youngest in red. 3DStress analysis indicated the high fault slip tendency just 
prior to the magnitude 4 earthquake.

Northstar #1
injection well

Earth’s surface

Top of 
injection interval

Top of  “basement”
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 Three key ingredients control induced 
seismicity: the presence of one or more faults 
capable of slipping and producing an 
earthquake, a state of background stress 
capable of being perturbed by pore fluid  
pressure, and enough pressure change to 
cause the fault or faults to slip.
 A fault is a crack within the Earth’s  
crust that disrupts the layering of geologic 
formations. Faults often allow fluids to move 
between formations. The largest faults are 
typically associated with, or form the 
boundaries between, Earth’s tectonic plates. 
In an active fault zone, portions of formations 
along the fault move or slip against each other 
periodically. Inactive faults are stable. The 
magnitude of an earthquake is related to the 
energy released when a fault slips. This energy 
is related to the amount of slip and the size of 

the fault-slip area. In general, the bigger the 
fault, the bigger the earthquake potential.
 Faults slip in response to imposed stress 
conditions, but they have to be in certain 
orientations with respect to the stress field for 
that to occur. A key capability of 3DStress is 
characterizing the relationship between faults 
and the stress state acting on them to determine 
slip risks under various conditions and 
orientations. For example, an increase in pore 
fluid pressure from dam construction and 
reservoir filling, waste fluid injection, geo- 
thermal pumping, and hydraulic fracturing 
can increase the likelihood of a fault slipping. 

PORE PRESSURE POTENTIAL

 Knowledge of a link between high pore 
fluid pressure and earthquakes resulting from 
human activity dates from the 1930s. Since 

DETAIL
The Earth’s outer layer or crust 
extends about 22 miles deep 
under the continents and 6 
miles deep under the oceans.  
It’s composed of various igneous, 
metamorphic and sedimentary 
rocks. Faults are fractures within 
Earth’s crust where rock layers 
on either side of the crack have 
slid past each other. Some cracks 
are minuscule and stable or with 
barely noticeable movement. 
Others, like the San Andreas 
Fault in California, are hundreds 
of miles long and prone to 
slippage and earthquakes.

Through collaboration between TexNet-CISR staff, local groundwater conservation districts, landowners and SwRI, a seismometer was installed 
close to a wastewater disposal site to provide high-quality data relating to earthquakes in that area.  SwRI geologists are studying the real-time 
relationship between the ongoing injection program south of San Antonio and seismic activity (see next page).
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1947, the oil and gas industry has used elevated pore fluid pressure 
to induce failure as the basis for hydraulic fracturing. A strong case 
for tying artificial increases in pore fluid pressure to induced 
seismicity was made in the 1960s and 1970s when waste fluid 
injected at the Rocky Mountain Arsenal induced earthquakes. 
Controlled water injection experiments in the Rangely oil field in 
Colorado also demonstrated a relationship between fluid injection 
and earthquakes.
 A well-established, but essentially backward-looking, relationship 
between artificially increased pore fluid pressure and induced 
seismicity has been seen at 
dam impoundments and 
wastewater injection wells. 
Other instances range from 
wastewater disposal to 
geothermal reservoir 
stimulation and hydraulic 
fracturing. Much of the 
Earth’s crust exists in a 
state of critical or near- 
critical stress, so relatively 
small changes in pore fluid 
pressure can induce fault 
slip and potentially cause 
an earthquake.
 While scientific studies 
indicate that pore fluid 
pressure in the Earth’s 
crustal rock plays an 
important role in rock 
deformation, faulting and 
earthquake processes, 
conventional pore pressure modeling assumes rock is “isotropic” 
with physical properties, such as permeability, that do not depend 
on their orientation. However, most rocks are anisotropic, meaning 
their properties vary depending on orientation. 
 For example, an isotropic rock layer that is impermeable to fluid 
penetration from above and below would also be impermeable from 
horizontal penetration. However, anisotropic rock might be 
impermeable to vertical penetration but allow fluid entering the 
layer through a fault to move horizontally through it.  
 Conventional models have proven insufficient to explain 
diverse phenomena related to pore pressure variation, such as 
fluid-extraction-induced seismicity. Pore fluid pressure in  
anisotropic rock  not only affects the rock’s effective strength but 
also causes variations in shear stress. These variations induced by  
a buildup or a decline in pore pressure can lead to fault instability 
and trigger earthquakes. 
 Reactivation of a dormant fault is more likely when water is 
introduced into wells drilled in less permeable rock. These  

conditions amplify pore fluid pressure changes, increasing the 
potential for fault reactivation as the pressurized fluid forces the 
fault apart to effectively unlock the fault and ease slippage. 
Locating injection wells far from fault zones is the most effective 
long-term mitigation strategy. Limiting injection periods or 
reducing injection pressure near faults may postpone seismicity or 
reduce its magnitude but will not eliminate it.

SAN ANTONIO DESALINATION PROJECT

 To study wastewater injection wells and seismicity in real time, 
SwRI is monitoring wastewater disposal from a nearby desalination 

plant. In 2016, a San Antonio 
water utility started purifying 
water at a facility south of San 
Antonio to supplement the 
local water supply. The 
project extracts brackish water 
from the Carrizo Formation at 
about 1,500 feet below ground 
level and passes the water 
through a reverse-osmosis 
treatment plant to remove 
dissolved solids. Waste 
product in the form of saline 
brine is injected into disposal 
wells at depths greater than 
4,000 feet. The disposal wells 
are close to known or 
suspected faults and the 
general area has experienced 
earthquakes in the past, 
including a magnitude 3 
earthquake in 1984 and a 

magnitude 4.8 earthquake in 2011.
     The geological characteristics of the saline brine disposal wells 
are well known, and injection rates for these wells are being 
monitored with extremely high precision. SwRI is taking advantage 
of this combination of circumstances to study the relationship 
between injection and seismicity in the surrounding area. 
 Several factors suggest that injection well activities potentially 
could induce seismicity in this region. First, the area has experienced 
measurable earthquakes in the past 35 years, indicating the 
presence of earthquake-capable faults. Second, known and 
suspected faults in the area have orientations favorable for slip in 
the current, ambient stress state. Third, 3DStress analysis indicates 
that the rate and total volume of injected water after six months of 
operation — 4.9 million barrels — would be enough to generate a 
seismic event greater than 4.0 magnitude if an appropriate fault 
were present. Finally, waste injection is projected to continue for 
the next 30 years, eventually using as many as five active injection 
wells. Although the risk of earthquakes induced by these wells 

Two disposal wells south of San Antonio (blue stars) are shown with the principal 
mapped faults and earthquake epicenters from the period 1980 to present.
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may be low, it is not zero. However, the risk can’t be easily  
quantified using the known data. The SwRI team’s internally 
funded study was a two-pronged approach toward monitoring  
and understanding the ongoing injection program, sowing the 
seeds for future work. The SwRI geologists integrated high- 
resolution injection monitoring with existing geologic information 
in the 3DStress program to model potential future scenarios of 
stress states and fault reactivation in the vicinity.
 The resulting models have predicted only a modest increase in 
pore fluid pressure over the lifetime of the injections. However, 

even small increases could destabilize 
nearby, critically stressed faults. So far, 
forecasting potential earthquakes is 
hampered by two significant sources of 
uncertainty: the exact nature of the 
underground fluid flow paths that deter-
mine where injected water will go, and the 
local ambient stress state.
 The models will be updated as  
additional injection data are gathered,  
and the simulation scenarios will be 
modified accordingly. As the injection 
program proceeds, a key element in 
monitoring the injection wells will be  
the near-real-time acquisition of seismic 

data, providing the exact time and location of earthquakes. The 
TexNet-CISR Seismic Network is monitoring dozens of seismometers 
across the state of Texas, which has more than 50,000 permitted 
disposal wells.
 Through collaboration between TexNet-CISR staff, local 
groundwater conservation districts, landowners and SwRI, a 
seismometer was installed close to the disposal site to provide 
high-quality data relating to earthquakes in that area. SwRI is 
planning to install several additional seismometers in the  
surrounding area to improve fidelity of earthquake detection and 

precision of earthquake positioning in the area. The predictions 
made by the 3DStress scenario analysis will be tested against actual 
earthquake activity recorded by this seismometer network, with 
the results folded back into the model to improve its predictive 
capability. Also, any seismic activity will spotlight areas where 
faults and fractures are being reactivated, adding valuable information 
on fluid pathways and other geological features to calibrate and 
improve the predictive models. The progression of earthquakes, if 
any occur, would provide an early warning to local residents if 
event magnitudes reach levels that might be of concern.

CONCLUSION 
 Induced seismicity associated with wastewater injection wells  
is something of a hot topic. Extensive uncertainty remains about 
exactly how it is caused and how to mitigate its effects. One key 
data gap involves a lack of detailed seismic monitoring of the 
injection site geology. The installation of a high-quality seismometer 
in the vicinity of the injection site will allow improved seismic data 
collection and a more complete understanding of fluid movement 
pathways in the subsurface. Plans are currently in place for SwRI 
to install a local seismometer network south of San Antonio to help 
close this data gap. Adding these data to SwRI’s 3DStress software 
could help geologists understand and mitigate induced seismicity 
associated with energy production as well as desalination activities. 

Questions about this article? Contact Morris at 210.522.6743 or   
alan.morris@swri.org.
Acknowledgements: Some of the figures were originally published in the paper 
“Lessons learned from the Youngstown, Ohio, induced earthquake sequence 
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SwRI), Dr. Robert Skoumal (United States Geological Survey), Dr. Mike 
Brudzinski and Dr. Brian Currie (both of Miami University, Oxford, Ohio). 
The author also thanks SwRI’s Ron McGinnis and Nate Toll for their 
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 DETAIL 
Desalination is a process 
that extracts salts and 
mineral components 
from saline water to 
produce water suitable 
for human consumption 
or irrigation. Along with 
recycled wastewater, it 
is one of the few 
rainfall-independent 
water sources.

Using 3DStress, SwRI scientists 
simulated 10 years of injecting 
wastewater into two wells south 
of San Antonio and predicted that 
those activities will cause pressure 
differences. While the changes are 
small, they could affect the slip 
tendency of faults in the area.  
The top of the sedimentary rock 
“basement” is colored by change 
in pressure generated by the 
injection wells (warm colors 
indicate higher pressure increase), 
and the fault is colored by 
increase in likelihood of slip  
resulting from increased fluid 
pressure (again, warmer colors 
indicate greater likelihood of slip).
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HIGH POWER IMPULSE PLASMA SOURCE SYSTEM

 SwRI’s HiPIPS system uses high-density, high-flux plasmas  

at low temperatures and atmospheric pressures to deposit 

coatings on material surfaces. These coatings extend the life, 

enhance the properties and prevent damage and corrosion of 

materials and components. HiPIPS, initially developed under a 

Defense Advanced Research Projects Agency (DARPA) program, 

is a convenient, cost-effective alternative to surface engineering 

techniques that typically require thermal processes or vacuum 

chambers. Potential applications include coatings on plastics, 

textiles and biologically sensitive materials as well as depositing 

protective metallic and ceramic coatings as an environmentally 

friendly alternative to electroplating.

 “HiPIPS has already had groundbreaking successes in 

developing coatings for defense applications,” said Dr. Vicky 

Poenitzsch (pictured above), who led HiPIPS’ development. 

“HiPIPS outperforms other ambient pressure plasmas and rivals 

vacuum plasma systems and could revolutionize the surface 

engineering industry.”

SMART LEAK DETECTION 

 Leaks in U.S. liquid hydrocarbon pipelines exceeded 100,000 

barrels each year between 2007 and 2012. Using algorithms to 

process images from sensors scanning the infrastructure, SLED can 

autonomously pinpoint small hazardous leaks before they become 

major problems, with minimal false alarms. These sensors can be 

positioned at sensitive pipeline junctures or deployed on drones to 

cost-effectively fly over pipeline networks.

 “It makes both environmental and economic sense to identify  

the smallest oil and gas leaks as early as possible to help ensure 

environmental safety and pipeline system reliability,” said Maria Araujo 

(pictured below), the lead developer for SLED. “The SwRI solution 

fuses inputs from low- cost optical sensors and applies machine 

learning techniques to reliably detect the chemical ‘fingerprints’ of 

small hazardous liquid leaks, before they become major spills. It can 

differentiate between a hydrocarbon and an innocuous puddle of water.”

 In 2017, SwRI received two prestigious awards from R&D  

Magazine. The R&D 100 awards recognized SwRI’s Smart LEak 

Detection (SLED) and High Power Impulse Plasma Source (HiPIPS) 

systems as being among the 100 most significant innovations  

for the year.

 “Since 1971, SwRI has won 43 R&D 100 Awards, which, in our 

business, are considered the ‘Oscars of Invention,’” said SwRI President 

and CEO Adam L. Hamilton, P.E. “We’re pleased our work has been 

recognized in such a well-respected forum.” R&D 100 Awards are 

selected by an independent panel of judges and editors of R&D 

Magazine to honor the top technology products of the year. 

SwRI WINS TWO 2017 R&D 100 AWARDS
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 How did the Earth evolve to be suitable for life, while 

neighboring planets, such as Venus, have distinctly inhospitable 

environments?

 “The answer to this question has become even more 

important in recent years, as exoplanets including Earth-sized 

planets are being detected,” said Dr. Robert Grimm, a program 

director at SwRI’s Space Science and Engineering Division. “And 

looking at those planets that are Earth-sized and seeing to what 

extent they may be Earth-like is going to be a big focus of future 

space research.”

 SwRI’s High-Altitude Electromagnetic Sounding of Earth and 

Planetary Interiors experiment is designed to probe planets 

from the sky. This experiment recently flew aboard a World View 

stratospheric balloon, skirting the edge of space to test science 

payloads in a relevant environment.

 The experiment measured the electromagnetic waves in the 

region between the Earth’s ionosphere and the planet’s surface, 

explained Grimm.

 “By measuring how these electromagnetic waves penetrate 

into the ground, we can measure the electrical conductivity of 

the crust and infer its temperature,” said Grimm. “Then if we can 

determine the temperature inside Venus, maybe we can 

understand how its internal heating works and how that might 

have affected its geological history.”

 For the test flight, the experiment was flown over the Idaho 

Batholith — a vast complex of relatively young igneous rock 

that includes several mountain ranges.

 The location allowed scientists to measure electromagnetic 

waves above terrain with crustal properties as similar as possible 

to that of Venus. Reconciling how Venus and Earth evolved with 

many similarities but key differences in habitability will require a 

mission to Venus itself. Testing the electromagnetic sounding 

experiment at a site like the Batholith is significant progress.

 “Geophysicists make these measurements on the ground on 

Earth all the time,” Grimm said. “But it’s very hot on the surface of 

Venus — over 800 °F — so to make a long-duration measurement 

is just not attainable.”

 An altitude about 55 km above the surface of Venus  

provides relatively Earth-like conditions for data gathering, 

Grimm said, which makes the prospect of a balloon mission  

to Venus so attractive.

UNDERSTANDING HABITABILITY 
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An SwRI instrument package carried aloft by a stratospheric balloon  
evaluated electromagnetic waves above Venus-like terrain.

SwRI’s planet-probing technology landed safely after the balloon flight. 
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IMPROVING ARMOR 

 SwRI received a contract worth up to $4.3 million to improve 

computational capabilities to assess armor and penetrator technologies 

as well as soldier survivability for the Army Research Laboratory. The 

Indefinite Delivery Indefinite Quantity (IDIQ) contract vehicle funds 

project work over three years, with options to extend it up to five years.

 “SwRI is pleased to continue our long relationship with the Army 

Research Laboratory,” said SwRI’s Dr. James Walker. “This contract allows 

the U.S. government and ARL to utilize SwRI expertise in high-rate 

material behavior, computational modeling, and up-to-full-scale testing 

to develop better equipment to increase the survivability of the warfighter.”

 Initial tasks include $271,000 for modeling related to human injury 

and $30,000 for advancing fracture modeling using EPIC (Elastic, Plastic, 

Impact Computations), a computational tool developed and maintained 

by SwRI. The Army uses EPIC to design vehicle and body armors. 

For more information about Engineering Dynamics at SwRI,  

visit engdyn.swri.org.  

SwRI’s large two-stage light gas gun launches 
projectiles up to 15,600 mph, blasting holes in thick 
metal plates. This unique launcher has capabilities 
needed by the Army for certain development programs, 
and the IDIQ contract may fund related work.

RADIATION RAINS ON MARS
 The SwRI-led Radiation Assessment Detector (RAD) aboard NASA’s Curiosity rover measured 

an unexpectedly strong blast from the Sun that hit Mars last fall. RAD scientists combined their 

data with those from the Mars Atmosphere and Volatile Evolution (MAVEN) spacecraft, led by 

the University of Colorado Boulder, detecting unparalleled effects at the Red Planet.

 “This is exactly the type of event both missions were designed to study, and it’s the biggest 

we’ve seen on the surface so far,” said RAD Principal Investigator Don Hassler of SwRI. “It will 

improve our understanding of how such solar events affect the Martian environment, from the 

top of the atmosphere all the way down to the surface.”

 This solar event sparked a global aurora at Mars more than 25 times brighter than any 

previously seen by the MAVEN orbiter, which has been studying interactions between Mars’ 

atmosphere and the solar wind since 2014. It also produced surface radiation levels more than 

double any previously measured by RAD. The high readings lasted more than two days.

 RAD monitored radiation levels inside the encapsulated spacecraft that carried Curiosity 

from Earth to Mars in 2011 and 2012 and has been steadily monitoring the radiation environment 

at Mars’ surface for more than five years.

 RAD findings strengthen understanding of radiation’s impact on Mars habitability, a key 

objective of the Curiosity mission. NASA is also using RAD findings for planning the safety of 

crewed missions to Mars. Highly energetic solar events can significantly increase the radiation 

that penetrates spacecraft as well as the Mars atmosphere.  

 NASA’s Goddard Space Flight Center manages MAVEN and NASA’s Jet Propulsion Laboratory 

manages the Mars Science Laboratory’s Curiosity rover.

MAVEN images show the sudden appearance of a bright aurora on Mars during a solar storm last fall. 
The purple-white color scheme shows the intensity of ultraviolet light seen on Mars’ nightside before 
(top) and during (center) the event. SwRI’s Radiation Assessment Detector confirmed the spike in 
radiation (bottom) on Mars’ surface from aboard NASA’s Curiosity rover.
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 The Transportation Research Board awarded SwRI 

$750,000 to help state and local agencies address 

cyberattack risks for current transportation systems and 

future connected vehicles. TRB is part of the private, 

nonprofit National Academies of Sciences, Engineering, 

and Medicine.

 SwRI is working with a leading cybersecurity assess-

ment and advisory firm, conducting a security audit of 

traffic management systems and developing a web-

based guide to safeguarding equipment.

 “The goal is to create security guidance for traffic  

management centers,” said Daniel Zajac, the SwRI 

engineer leading the effort. “IT and security personnel 

need to understand threats to their equipment, standards 

for managing passwords and then move up to advanced 

network security.”

 More than 400,000 traffic signal systems across the 

United States have varying levels of network access and 

embedded security. System managers and government 

stakeholders may be unaware of cyber risks to controllers, 

dynamic message signs, road-weather information 

systems and other devices that relay data.

 SwRI’s assessment will include “white hat” hacking, 

known as penetration testing, to assess vulnerabilities 

and recommend mitigation strategies. The recommenda-

tions will also consider how agencies with limited 

resources can implement cybersecurity measures.

 “Management centers like Austin and San Antonio 

may have budget and staff for extensive security 

programs, but smaller traffic systems in rural parts of the 

state may not,” Zajac said. “We have the right experience 

to help TRB in its effort to bridge gaps in information and 

resources across the country.”

Assessing transportation  
cyber risks

TECHBYTES

 The U.S. Department of Energy awarded SwRI $1.1 million to develop, build and test a particle separator for use in a flameless pressurized 

oxy-combustion cycle. 

 Flameless combustion reduces emissions while retaining thermal efficiencies in power production. To achieve flameless pressurized  

oxy-combustion in coal-fired plants, pulverized coal is mixed with water and combusted at high pressures. The resulting hot gases are used to  

boil water, generating steam to move a turbine and produce power. Some of the gases are subsequently looped back into the combustor for a 

more complete combustion environment that produces even more power. The remaining gases flow through a turbo-expander, a device that 

extracts additional power from these gases. To protect the turbo-expander from erosion, a separator is needed to remove harmful particulates  

from the gases.

 “Particulate matter in gas streams causes erosion in machinery. Combining these particulates with a potentially corrosive gas can cause 

corrosion-erosion, which can destroy machinery within months,” said Joshua Schmitt, who is leading the project. “The particle separator we are 

designing will be unique in that it will operate at high temperatures and pressures with minimal pressure lost.”

For more information about machinery design and testing at SwRI, visit machinery.swri.org. 

HIGH-TEMPERATURE, HIGH-PRESSURE PARTICLE SEPARATOR

https://machinery.swri.org
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CALIBRATION LABORATORY EXPANDS SERVICES 

 For more than 30 years, SwRI has serviced internal laboratory equipment to ensure the precision 

of the range of instruments used by Institute staff, averaging more than 7,600 calibrations a year. 

Now, SwRI’s ISO/IEC 17025-accredited calibration laboratory has expanded its services to accommodate 

client requests as well. 

 “We offer a very broad range of calibration services,” said Jorge Lopez, manager of SwRI’s 

calibration laboratory. “All calibrations are traceable to national standards. Accredited calibrations 

support SwRI’s, as well as our clients’, quality programs. It’s a case-by-case discussion with our clients 

to determine how we can best manage their calibration needs.”

 Most industries — including manufacturing, transportation, space, oil and gas, chemical and 

others — use equipment that requires regular calibration. SwRI’s research and development 

activities require specialty devices and instrumentation to make precise measurements. 

 These systems must be calibrated periodically to ensure measurements are reliable and meet 

specifications. SwRI calibrates equipment used to make dimensional, electrical, flow, mass, pressure 

and other measurements or assessments. Technicians can calibrate equipment under various 

conditions, including thermal, pressure and others. 

 The laboratory is accredited by the American Association for Laboratory Accreditation ensuring 

calibrations are traceable to national, international or intrinsic standards. 

For more information, call 210.522.5215 or email ICLExternal@swri.org. 

ADVANCING ENERGY FOR THE AIR FORCE
 SwRI has received a contract worth up to $49 million to implement and 

transition energy efficiency and alternative energy technologies to meet  

U.S. Air Force goals.

     This Indefinite Delivery Indefinite Quantity contract award supports 

the Air Force Research Laboratory Rapid Assessment of Technologies 

and Energy for the Advanced Power and Technology Office. IDIQs 

are contract vehicles that fund work tasks over specified 

periods of time. The SwRI contract period is for seven years.

 “SwRI is developing and testing a range of novel 

energy systems applicable from space exploration to 

next-generation automotive platforms to renewable 

energy power grids,” said SwRI’s Dr. Kent Coulter, 

co-program manager for the contract. “This diversity in 

our expertise has provided us the opportunity to work 

with AFRL on areas of interest to the U.S. Air Force.”

   The first task of the contract, funded for $500,000, is 

to design, develop and demonstrate data center 

modeling techniques to determine methods to 

optimize energy consumption.

 “Data centers use nearly 2.5 percent of the energy 

produced in the United States,” said SwRI’s Greg Fletcher, leader 

of the first task order and co-program manager for the IDIQ. “SwRI is 

working with the U.S. Air Force to optimize its data centers, which will 

have sweeping benefits across government and industry, and reduce 

energy consumption throughout this rapidly growing sector.”

SwRI uses various tools, such as this Standard 
Platinum Resistive Thermometer, to calibrate 
laboratory equipment and ensure accurate 
measurements. 

D022486_7730
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Projectile delivery 

 SwRI scientists recently modeled the protracted period of  

bombardment following the Moon’s formation, when leftover 

planetesimals pounded the Earth. Based on these simulations, 

scientists theorize that moon-sized objects delivered more mass  

to the Earth than previously thought.

 Early in its evolution, Earth sustained an impact with another  

large object, and the Moon formed from the resulting debris ejected 

into an Earth-orbiting disk. A long period of bombardment followed, 

the so-called “late accretion,” when large bodies impacted the  

Earth delivering materials that were accreted or integrated into the 

young planet.

 “We modeled the massive collisions and how metals and silicates 

were integrated into Earth during this ‘late accretion stage,’ which 

lasted for hundreds of millions of years after the Moon formed,” said 

SwRI’s Dr. Simone Marchi, lead author of a Nature Geoscience paper 

outlining these results. “Based on our simulations, the late accretion 

mass delivered to Earth may be significantly greater than previously 

thought, with important consequences for the earliest evolution of  

our planet.”

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Previously, scientists estimated that materials from planetesimals 

integrated during the final stage of terrestrial planet formation made 

up about half a percent of the Earth’s present mass. This is based on 

the concentration of highly “siderophile” elements — metals such as 

gold, platinum and iridium, which have an affinity for iron — in the 

Earth’s mantle. The relative abundance of these elements in the mantle 

points to late accretion, after Earth’s core had formed. 

 However, new high-resolution impact simulations by researchers at 

SwRI and the University of Maryland show that substantial portions of 

a large planetesimal’s core could descend to, and be assimilated into, 

the Earth’s core — or ricochet back into space and escape the planet 

entirely. Both outcomes reduce the amount of highly siderophile 

elements added to Earth’s mantle, which implies that two to five times 

as much material may have been delivered than previously thought.

TECHBYTES

EXPANDING RESEARCH FOOTPRINT
 SwRI has expanded its automotive research footprint into Ann 

Arbor, Michigan, to provide Detroit-area clients more convenient 

access to SwRI’s powertrain engineering services.

 Working with A&D Technology Inc., SwRI now offers powertrain 

development cells in the Detroit area that augment more than 200 

powertrain dynamometers at our San Antonio headquarters. This 

extends our automotive research and development capacity to conduct 

high-efficiency powertrain development and emissions research.

  “Having a laboratory in Ann Arbor allows us to work more closely 

with our clients in the region,” said Scott Hotz, P.E., who oversees SwRI’s 

Ann Arbor operations. “Working with A&D Technology and its state-of-

the-art facilities and equipment will help us meet our clients’ needs in a 

timely and cost-effective manner.”

 The laboratory space includes three test cells, one of which is 

equipped with a 275 kW, low-inertia, permanent-magnet dynamometer 

with maximum speed of 8,000 rpm. The cell is outfitted with SwRI’s 

RPECS® powertrain benchmarking and control system and A&D’s 

system software, including iTest, Phoenix combustion analysis and 

ORION automated calibration software.

 SwRI has had a presence in Ann Arbor for 15 years, applying 

custom, prototype powertrain controllers, benchmarking powertrain 

control systems and providing on-site support.

For more information, visit swri.org/sectors/automotive.
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The control center for one of the test cells doubles as a conference room 
allowing clients to view how their projects are progressing.
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“New Horizons has long been a 
mission of firsts — first to 
explore Pluto, first to explore 
the Kuiper Belt, fastest  
spacecraft ever launched, and 
now, we’ve been able to make 
images farther from Earth than 
any spacecraft in history.”

– SwRI’s Alan Stern,  
New Horizons principal investigator 

Searching for dust and debris along its 
path to Kuiper Belt Object MU69, NASA’s 
New Horizons spacecraft recently made 
history, again. In December 2017, its 
Long Range Reconnaissance Imager 
captured these false-color images of 
KBOs 2012 HZ84 (top) and 2012 HE85 
that are, for now, the farthest from Earth 
ever captured by a spacecraft. They’re 
also the closest-ever images of Kuiper 
Belt objects. However, that record will be 
broken when the spacecraft buzzes past 
MU69 January 1, 2019.
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FLEXIBLE FLIGHT TESTS
 SwRI is developing software application techniques to improve the agility and 

cost-effectiveness of flight tests used to qualify military and civilian aircraft.

 Funded by the Defense Advanced Research Projects Agency (DARPA) and the Air 

Force Research Laboratory, the one-year, $791,000 project supports DARPA’s efforts 

to enable military software to adapt to technology changes and security updates 

over several decades. SwRI will incorporate DARPA’s Building Resource Adaptive 

Software Systems (BRASS) into a universal computer language for flight test vendors.

 “Real-time adaptability is a major challenge for military and commercial flight 

testing,” said SwRI’s project lead, Austin Whittington. “We see a great opportunity 

with DARPA’s BRASS technology to help expedite industry and military adoption of 

interoperability standards and adaptation techniques.”

 Required for aircraft development and maintenance, flight tests use instruments 

and networks to prove aircraft are ready for service. Testing programs use different 

instruments to test for hundreds of potential problems. Each test operates using 

proprietary software with custom “flight test constraints” defining the instrument’s 

capabilities used for problems or situations an aircraft may encounter.

 Synchronizing flight testing goals for different instruments is a major challenge for 

the aerospace industry. A single failure can cause a chain reaction of delays for 

unrelated tests.

 To overcome these issues, SwRI will integrate DARPA’s BRASS technology with 

software interfaces standardized by the DoD’s Integrated Network-Enhanced 

Telemetry program, or iNET. As iNET’s lead integrator, SwRI worked with DoD and 

aerospace stakeholders to define a Metadata Description Language to produce 

simpler, more cost-effective, vendor-agnostic equipment interfaces. Standardization 

paves the way for flight tests that better adapt to changing conditions, such as 

inclement weather or equipment failures.

SwRI analysts are 
developing new 
techniques to improve 
flight testing for military 
and commercial aircraft.
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  SwRI’s Josh Johnson (right)  

recognized Daisik Nam, a student at the 

University of California–Irvine, as the 

winner of the 2017 ITS World Congress 

Student Essay Competition. Nam’s 

winning essay was “The Road(s) Less 

Travelled.” For six years, SwRI has sponsored 

the competition to encourage college 

students to explore the future of intelligent 

transportation. In addition to a plaque, 

Nam received a $1,000 cash prize and 

complimentary registration to attend the 

ITS World Congress, held October 29 to 

November 2 in Montreal, Canada.

 In 1987, SwRI’s Center for Nuclear Waste Regulatory Analyses 

(CNWRA®) was funded to help the Nuclear Regulatory Commission fulfill 

its responsibilities under the Nuclear Waste Policy Act. Thirty years later, 

CNWRA still supports NRC — the initial five-year, $42.5 million contract 

has been extended five times — but its scope has expanded to encompass 

the entire nuclear fuel cycle.

 “To successfully compete for establishment of CNWRA, we drew 

together expertise from within the Institute while attracting leading 

experts from outside to create a center of excellence in geosciences and 

engineering,” said Executive Director Dr. Wes Patrick. Up to 80 staff 

members spent the first 20-plus years supporting a proposed geological 

repository at Yucca Mountain, Nevada.

 SwRI conducts independent laboratory studies, field investigations 

and numerical analyses needed to support NRC programs. CNWRA 

technical staff members provide expertise in environmental evaluations, 

safety reviews and independent assessments from extraction of uranium 

to enrichment, from fuel fabrication to operating reactors, and from 

interim storage to ultimate disposal. 

 CNWRA contributions to the program, profession and public have been 

significant. The Center has produced hundreds of papers, presentations 

and reports, and CNWRA researchers have developed numerous 

patented, copyrighted and award-winning technologies. 

 Its expertise has been exported overseas. Staff members have 

supported waste management programs in Canada, Finland, France, 

Germany, Japan, Korea, Sweden and the United Kingdom.

 CNWRA continues to provide services to NRC and around the world, 

exemplifying the Institute’s mission to benefit government, industry  

and the public.

CNWRA TURNS 30

SwRI SPONSORS ESSAY PRIZE
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CPhI North America/InformEx, Philadelphia, 
April 24-26, 2018, Booth 1326.

API Pipeline Conference, St. Louis, April 24-26, 
2018. 

International Multiphase Flow Separation 
Symposium (IMFS2), San Antonio, April 25-26, 
2018. SwRI is hosting this symposium.

Offshore Technology Conference, Houston, 
April 30-May 3, 2018, Booth 2201.

XPONENTIAL, Denver, April 30-May 3, 2018, 
Booth 915.

International School of Hydrocarbon 
Measurement (ISHM), Oklahoma City,  
May 15-17, 2018, Booth C17.

AAPG Annual Convention & Exhibition, Salt 
Lake City; May 20-23, 2018, Booth 1407.

21st Microencapsulation Industrial Conven-
tion, Montreal, Canada; May 21-24, 2018.

Intelligent Transportation Systems America 
(ITSA) Annual Meeting, Detroit; June 4-7, 
2018.

European Test and Telemetry Conference 
(ETTC), Nuremberg, Germany; June 26-28, 
2018, Booth 2-116.

IFT Food Expo, Chicago; July 16-18, 2018, 
Booth S4064.

45th Annual Meeting & Exposition of the 
Controlled Release Society, New York;  
July 22-24, 2018.

32nd Annual AIAA/USU Small Satellite 
Conference, Logan, UT; Aug. 4-9, 2018

Introduction to Propulsion Simulation Using 
NPSS® Software, San Antonio; Aug. 21-24, 
2018. SwRI is hosting this short course.

2018 Texas Groundwater Summit, San 
Marcos, TX; Aug, 27-29, 2018.

Turbine Engine Technology Symposium, 
Dayton, Ohio; Sept. 10-13, 2018, Booth 612. 

American School of Gas Measurement 
Technology (ASGMT), Houston; Sept. 17-20, 
2018. 

IEEE AUTOTESTCON, Schaumburg, IL; Sept. 
17-20, 2018, Booth 138.

47th Turbomachinery & 34th Pump Symposia, 
Houston; Sept. 18-20, 2018, Booth 2735.

Small Molecule Drug Development: From 
Concept to IND Submission, San Antonio; 
Oct. 8, 2018. SwRI is hosting this short course.

COMING UP

Vice President Dr. Steve Dellenback, PMP, has been named 
secretary of the Intelligent Transportation Society of America’s 
board of directors for 2018. Dellenback was elected to the ITS 
board in May 2012. He also serves as the organization’s 
International Program Chair and is a member of the World 
Congress board of directors.

Gary Bessee, director of the Fuels and Lubricants Technology 
Department, received the Lifetime Achievement Award from the 
International Association for Stability, Handling and Use of  
Liquid Fuels ASH Lifetime Achievement Award for his technical 
achievements in fuel filtration, cleanliness and handling. Bessee  
is recognized throughout the world as a leader in fuel filtration  
and filtration test methods.

Vice President Dr. Jim Burch was inducted into the San Antonio 
Aviation and Aerospace Hall of Fame. As the founder of space 
science and engineering at SwRI, he joins an illustrious group of 
individuals and organizations — including Southwest Research 
Institute — representing a rich tradition of aviation and 
aerospace innovation in South Texas. 

Finley Hicks, a manager in the Electronics Integration and 
Cyber Technology Department,  received the prestigious  
Dixie Crow Test & Evaluation Engineer of the Year Award at  
the Dixie Crow Symposium in Warner Robins, Georgia. The 
Association of Old Crows is an organization for individuals who 
have common interests in electronic warfare, electromagnetic 
spectrum management operations, cyber electromagnetic 
activities, information operations, and other information- 
related capabilities.

Associate Vice President Dr. Alan Stern was elected chairman of 
the Commercial Spaceflight Federation Board of Directors for a 
second term.  He also received the 2018 National Award of 
Nuclear Science & History from the National Museum of Nuclear 
Science & History for his observations and discoveries in 
astrophysics and planetary science.

After being named a 2017 “40 Under 40” rising star by the San 
Antonio Business Journal, Maria Araujo was recognized as a 
Headliner by Bizwomen, a sister publication. Araujo, a manager 
in the Intelligent Systems Division, is one of 560 women from 
around the country honored for their career and community 
accomplishments. She is the lead developer of SwRI’s Smart 
Leak Detection system that autonomously monitors pipelines 
for hazardous chemical spills.
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