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More Time in the Hot Zone:
CBC Develops Lighter, Longer-Lasting Respiratory
Protection System
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Editor’s Note #®&

All quotes in this article were obtained from a personal interview
with Mr. Jonathan D. Sampson at the U.S. Army Combat
Capabilities Development Command (DEVCOM) Chemical
Biological Center (CBC), Aberdeen Proving Ground, Maryland, on
17 September 2019.
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When an industrial accident releases toxic industrial chemicals
in the United States, the first responders usually consist of the

1 Dr. Feeney is a public affairs specialist with the DEVCOM CBC. He holds a bachelor’s
degree in history from Colorado College, Colorado Springs; a master’s degree in risk
communication from Cornell University, Ithaca, New York; and a Ph.D. in risk
communication from Temple University, Philadelphia, Pennsylvania. Feeney # 1 & % &
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particular state’s Army National Guard civil support team. Team
members suit up in full-body protective gear and enter the hot zone.
One of the major challenges that they face is the length of time that
their respiratory protection systems allow them to stay there.

EEEZE TERINSHENSHLEEYER  S—REEAEEEHS
EMNVBEREERESEEARL - HEMZF ExBEREARER - PREY
NFEREE - TR EZELRFARGMMASEREIIEERE -

Responders currently tend to rely on closed-circuit,
self-contained breathing apparatuses as part of their full protective
ensembles. Use of the breathing apparatus requires the wearing of
a bubble suit, which restricts motion and increases the weight and
thermal burden on the user. The ensemble weighs 36 pounds, traps
heat within, and does not allow for the wearer to drink while wearing
it; it is heavy, hot, and “thirsty.” In addition, there is a 4-hour usage
limit.
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The “Closed System” "$1Bi %4 .

“The closed in closed system means that the user inhales and
exhales on the same breathing loop; no exhalations are made to the
outer environment. It comes with a 4-hour time limit,” said Mr.
Sampson, a mechanical engineer at DEVCOM CBC. Mr. Sampson
Is the project team leader for research in designing a replacement
system known as the Full-Spectrum Respiratory Protection System.
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“Civil support team responders have told us that the 4-hour
time limit in the current system really reduces their effectiveness,”
Sampson said. “When they suit up, they have to do equipment
checks and then get to the mission site and, upon leaving the site,
have to be decontaminated—all the while, using up time within that
4-hour window. On average, they have only 1 hour in the hot zone,”
he added.
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Although the problem of heat stress in the current system can
be reduced by using ice to cool the breathing loop, ice is very heavy,
it is logistically complicated to supply, and it melts fast. Additionally,
the need for rehydration during a mission is not addressed by the
current system at all.
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A Better System &#R

Presented with these limitations, the DEVCOM CBC design
team went to work. “We knew we had to center our solution around
mission availability—more time in the hot zone. We also knew we
had to reduce weight, lower the internal temperature, and get rid of
the need for ice,” said Mr. Sampson, “So we teamed up with one of
our sister Army research laboratories, the DEVCOM Soldier Center,
and used a couple of their design innovations. These included
adding a streamlined, body-forming uniform with built-in chemical
agent protection and a tube for hydration to our system.”
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Team members used existing technology to add a cooling plate
to replace bags of ice. They even added miniature fans. They were
able to further reduce weight by incorporating ultra-high-pressure
gas cylinders, which hold the same amount of oxygen in a much
smaller, lighter-weight container. All external parts were designed to
fit together in a compact, easy-to-don and easy-to-remove backpack
weighing only 24 pounds.
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The real breakthrough, though, was the employment of two
different respiratory protection modes in one system, making it a
combined unit respirator. That advancement dramatically increased
the time that civil support team members could spend on-site.
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When placed in powered air-purifying mode, a fan is used to
push ambient air through the respirator filter, purifying the air as it
enters the suit and maintaining positive pressure. The respirator can
be operated for 8 hours in power air-purifying mode. Adding a
powered air purifying respirator to the closed-circuit capability
affords operators up to 12 hours of protection.
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The closed-circuit, self-contained breathing apparatus mode
uses the existing closed-circuit technology of carbon dioxide
absorption from the breath stream combined with injections of
oxygen to maintain optimal oxygen levels while keeping carbon
dioxide levels to a minimum. In addition, it makes use of the M53
mask and hydration tube. Furthermore, ice is replaced with a much
lighter-weight cooling plate. The respirator can be used for 3 hours
in closed-circuit, self-contained breathing apparatus mode; but the
design team is confident that, with some further design
optimizations, the time can be extended to at least 4 hours.
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Switching between modes in response to the threat level around
them prevents operators from using such a large percentage of
available time for equipment checks, transportation to the site, and
decontamination.
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Warfighter Testing AEIE

The entire effort to improve the protective ensemble was funded
by the Defense Threat Reduction Agency, which developed and
executed the Chemical Biological Operations Analysis to test
emerging chemical and biological defense technologies. The event
was held at Camp Dawson, Kingwood, West Virginia, on 22 August
2019. Industry, academia, and government laboratories were invited
to bring their latest chemical and biological defense prototypes for
warfighter use in realistic missions. The military operators provided
candid feedback on the usefulness of the prototypes and then
recommended possible improvements.
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The 35th West Virginia National Guard Civil Support Team, St.
Albans, West Virginia, was assigned to test the Full-Spectrum
Respiratory Protection System prototype at the Chemical Biological
Operations Analysis. The mission of the 35th was to support civil
authorities at a domestic chemical, biological, radiological, nuclear,
and explosives incident site by identifying agents and substances,
assessing the consequences, advising on response measures, and
assisting with requests for additional state and federal support. Two
teams from the 35th practiced investigating an abandoned structure
containing a series of rooms for the presence of chemical, biological,
radiological, nuclear, and explosives materials. One of the teams
wore the current closed-circuit, self-contained breathing apparatus
system; the other wore the Full-Spectrum Respiratory Protection
System prototype. The team wearing the Full-Spectrum Respiratory
Protection System prototype had the advantages of a body-cooling
system, no bubble suit, available drinking water, and more time
on-site. Those operators reported that they were very satisfied with
the advantages offered by the Full-Spectrum Respiratory Protection
System and that they were very glad to have the longer duration to
complete the mission.
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Next Steps KRRKEE

With the first phase of prototype development complete, Mr.
Sampson and his design team will work with manufacturers in
private industry to develop a next-generation prototype that
combines all of the innovations created thus far and further
refinements based on the latest laboratory generated performance
data. This next-generation prototype will be subjected to rigorous
field testing, and that data will be incorporated into the design of the
final system. Ultimately, Sampson looks forward to the widespread
use of the system by Army National Guard civil support teams
across the Nation.

feEFE—PEEREMRENFEE5CAL - Sampson STEMMAYES 5T EIFX R &= 2
REEENREFEFRE N —RNWERRE - &4 Gi%%tﬁﬁﬁgﬁﬁ%ﬁﬁ
MR ERE 2GS BIRE DRI HER AR - EE N —RNHNERERE
ERBENEENE  EERBUREMARERFARRETT - & - Sampson
RERGEEEERRERSXERERZEREERM

For more information about the DEVCOM CBC, visit the website
at <https://www.cbc.devcom.army.mil>.

FZEREBEEHR NRXRISHEEEY P OLONMAE - BFHE

<https://lwww.cbc.devcom.army.mil>#3i4 -

% 162 |



