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Breathing Systems Overview

Breathing support systems for use in above water environments are based on a limited
number of principles. Until recently, not all of the available options have been practical to
consider. The use of compressed air open circuit systems and filtered environmental air
are well known and these systems have their own strengths and limitations. Rebreather
technologies, though desirable due to their strengths also have suffered from generally
greater weaknesses. This imbalance of benefits has changed with the application of
technology and a better understanding of what the environmental use demands are.

A choice of the correct breathing system for any given situaton must come from a
complete and current understanding of the relative strengths and limitations of each
system.

Air Purifying Respirator (APR) Systems

The simplest type of breathing system provides for non-power
assisted filtered air. Lungs provide the power to force the air
through a filter.

The advantages are that this approach is quite simple,
relatively inexpensive, and of generally long duration. On the
negative side, the work of breathing can be high and you must
address the type air-borne contaminate expected in-order to
choose the proper filter before actual use of the system.
Additionally, the breathing system is, of necessity, in a
negative pressure environment during inhalation, and there may be types of contaminates
which are not able to be effectively filtered out. Further, this approach is not effective in
environments with low or no levels of Oxygen.

Survivair Opti-Fit

This approach is nat effective in environments with lowor no levels of Oxygen.

Powered Air Purifying Respirators (PAPR) Systems

Two of the limitations of the non-power assisted filtration
system may be fixed with the addition of a mechanical blower
to assist in passing breathing gas through the filter.

The advantages of the power assisted filtration systems are
the creation of a positive pressure breathing environment and
the ability to use more effective filters. On the other hand,
weight and bulk have increased with the addition of batteries,
blower motor, user status information, and possibly a

SafetyTech C420 breathing bag.
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Duration, relative to APR systems, has decreased due to the addition of battery life
considerations.

Though nrore effective that the APR systerrs, these systerms till are not appropriate for low or no
Oxygen environments.

Open Circuit Self Contained Breathing Apparatus (SCBA) Systems

The compressed air Open Circuit system is effective where, for various reasons, filtration
systems are not. A positive pressure breathing environment is easily achieved. The purity
and consistency of the breathing gas is easily assured.

Maintenance costs and training requirements are
relatively minimal, straight forward and well known. The
limitations are that the amount of gas that one can carry is
limited by the size and weight of the cylinders required to
carry that gas. Further, team operations are limited by the
team member with the largest consumption. The amount
of use time available is directly related to the users’ lung
capacity (or more accurately lung exchange volume) and
how rapidly he or she breathes- a typical system is rated
for between 20 and 60 minutes. It is notable that the

=g volume of gas consumed far exceeds the users actual
Scott SCBA System oxygen needs as it is directly related to breathing rate and
tolerance to CO, levels. Further, different individuals
have differing levels of efficiency of Oxygen extraction from the gas that is breathed for
any given level of stress and exertion. All of these factors further complicate the
estimation of system duration.

Training, skill, cost, size, bulk, and maintenance are more than are required for a filtered
air system but remain within the bounds of practicality.

The single most limiting factor for Open Circuit breathing systems is duration.
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Pure Oxygen Closed Circuit Rebreather (CCR) Systems

The next type of breathing system has significant
improvements in duration over Open Circuit but
has other major limitations. The Pure Oxygen
Closed Circuit Rebreather is close to an ideal
breathing machine in that it is practical to obtain
duration ratings from 2 to 4+ hours within
acceptable bulk and weight limits. These systems
use the Oxygen supply to simply replace the
Oxygen metabolized by the user. The variance in
consumption rate of Oxygen is predominately
dependent on workload rather than on any other
user dependant factor. Therefore this is the most Biomarine CCR

efficient use of the bottled gas supply possible.

The system duration is limited by the consumption of the CO, removal subsystem and the

Oxygen supply.

One of the major limitations is that the user is breathing pure Oxygen. Pure Oxygen
becomes increasingly undesirable biologically in proportion to the duration of use. This is
particularly so for situations in which the user must repeatedly use the breathing apparatus
for work that could go on for days or weeks such as might be found in a large hazardous
material cleanup or long term rescues. Another limiting issue is the concern regarding the
extreme fire danger connected with maintaining and using pure Oxygen in the breathing
device gas spaces. Not all use environments have the same level of issue with this
concern butitis a significantly undesirable situation for most applications.

Maintenance and use costs are higher relative to
compressed air systems (the gas cylinders must be filled
with Oxygen rather than air, and the CO, scrubber
material must be replaced with each use). These are not
as limiting an issue as the biological and fire concerns
related to the use of pure Oxygen as the breathing gas.
On the plus side, Pure Oxygen CCR'’s do not directly rely
on gas sensors and/or electronics for breathing gas
maintenance but rather on mechanics and sufficient but
simple training for the maintenance of the proper amounts
of Oxygen in the system. An additional note on the plus side, user controls and system
information are approximately the same as for compressed gas systems. However all
Closed Circuit Rrebreathers must have a low Oxygen level warning system installed. This
is because an operator can still breathe when the Oxygen supply is depleted or the supply
cylinder could be filled with Air and not Oxygen. This would render the operator
unconscious and most likely without sufficient warning.

Draeger BG-4 CCR

Bailout considerations must also be addressed for CCR type systems since it's possible
that the breathing loop integrity can be compromised. With pure Oxygen systems, one
must either carry another cylinder of Air for breathing during bailout or be forced to breath
pure Oxygen through a demand regulator. If the former option is chosen then it increases
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the system weight and if the latter is chosen then it will increase the cost because of the
pure Oxygen equipment requirement.

The Pure Oxygen Closed Circuit Rebreather is limited in use due 1o issues associated with high oxygen
concentration.

Semi Closed Mixed Gas Rebreather Systems (SCR)

Another type of available breathing system, but one of little practical land based value, is
the Semi-Closed Circuit Mixed Gas rebreather. These devices are a type of mixed gas
rebreather in that the gas in the breathing loop is not pure Oxygen but a range of Oxygen
and Nitrogen that will produce the acceptable range of breathing mixtures for the user
based on workload ranges. In underwater applications this type of breathing system offers
the significant advantages of higher oxygen mix than air as well as a significantly longer
duration than open circuit. The duration is proportional to the gas flow and gas flow is
inversely proportional to Oxygen level required. On land, the need is to maintain a near
normoxic level of Oxygen which reduces the duration to littte better than that of open
circuit.

In a semi-closed breathing system, the goal of the system is to provide an amount of
Oxygen that is greater than the user might consume and this is accomplished via constant
gas flow. The lower the target Oxygen in the breathing mix, the greater the gas flow must
be to maintain a desired Oxygen consumption rate. Maintaining an Air equivalent
breathing mixture, for example, would require 25 liters per minute flow rate of compressed
gas to guarantee a minimum supply of 5 liters per minute of Oxygen to the user. This
amount of Oxygen consumption is only reached for brief periods of extreme exertion but
since there are no sensors or gas controls other than the constant flow rate setting, all that
can be done is determine the maximum flow rate for the maximum Oxygen level required.
With a breathing mix maintained with an Oxygen level close to air, there is no advantage
in duration over compressed air cylinders. The significant duration improvement that is
possible with Semi-Closed rebreathers only comes with relatively high levels of Oxygen in
the breathing supply. Scrubber duration remains the same as in the Pure Oxygen CCR
and therefore is not a concem. There is also the higher maintenance complexity of
maintaining and refilling mixed gas cylinders.

Semi-Closed Rebreathers have no significant net advantages over conrpressed gas and Pure Oxygen
CCRs.
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Electronically Controlled Mixed Gas Closed Circuit Rebreather (ECCR)

Systems

The last breathing system under discussion for this
article is perhaps the most controversial. The
Electronically Controlled Mixed Gas Closed Circuit
Rebreather has, on the face of it, the same significant
duration advantages of a pure Oxygen CCR (up to 4
hours within practical weight and bulk limitations). In
addition, the ECCR has the major advantage in its
ability to maintain a much lower breathing gas
Oxygen level such as that found in the compressed
air SCBA systems. In spite of these advantages,
there have been significant limiting issues with this
type of rebreather to the point of completely
precluding them from use in non-water based
environments. These limitations, however, are no
longer an issue.

ESS Tactical ECCR

The previously known limitations revolve around the fact that the maintenance of a life-
sustaining level of Oxygen is dependant on the correct functioning of sensors, cables,
displays, controls, and electronics. Additionally, in-order for a breathing system - which is
dependent on this complex array of devices - to be safe, the user must be an expert with a
high level of constantly maintained experience on these types of systems. Also, while part
of the required knowledge and experience is general, there is a significant part of the
training and experience which is specific to the exact model of the ECCR being used. In
general, these systems have had a greater mechanical complexity with an attendant
increase in weight and bulk. All of this has, in the past, added up to an impractical level of
concern, issues, and requirements. These systems have not been practical to use in non-
water applications up until recent system design improvements.

Recent developments have changed these facts considerably in that there is now the
means of increasing the reliability, ease of use, and maintenance to something on par with
the existing non rebreather systems in use today. With good design and materials, the
weight and bulk issues can also be addressed to the point of sufficient practicality. New
approaches in both technology and design consideration now enable users to manage an
ECCR with no direct controls other than those that are found in existing breathing
systems, such as simply turning on the gas supply. While the intemal system complexity
will be significantly greater than systems with no electronics, it is now possible, with new
approaches in systems design, to eliminate all single points of failure with high levels of
intelligent redundancy in a modular gas control system. These control systems must have
sufficient intelligence to enable and guarantee life support functioning independent of
failure modes and of user intervention. This is necessary to provide a user environment
that does not require any high level of general or specific training nor require high levels of
frequently maintained experience to safely operate.
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With a properly designed ECCR Controller, the user can be freed of the concemn and tasks
associated with failure management. This allows the user to safely operate the system
and reduces the information load of the user to that of simple duration related information.
The level of complexity and skill required for system maintenance is also a significant
concern. With the same approach to system maintenance, it is possible to create ECCR
systems that are self calibratihg and reduce regular system maintenance to that of
replacing consumables (supply gas, CO, scrubber, and much less frequently batteries and
sensors). System failure related maintenance may also be similarly reduced to following a
few basic instructions such as the replacement of a modular gas/electronic control system
in the rare event of a system failure. Again, with proper functional design and intelligent
redundancy, failure possibilities are limited to that which can be compensated for while in
use. With this automatic failure management, mission capability is still maintained and the
original failure may wait to be dealt with in the normal post-mission maintenance. Another
advantage of an ECCR is that in the event of complete breathing loop failure, the diluent
gas supply — air — can be used as the bailout breathing medium.

While underwater ECCR systems have been known and successful for many years, the
land based application of ECCR systems brings with it many unique and new problems
that must be considered and designed for. Simply adapting an existing underwater ECCR
controller will not yield a properly functioning and dependable land based ECCR.

Laguna Research Inc. has successfully designed |
breathing device control systems since 1997 and has !
been the first to apply its skills and experience to
defining the necessary distinctions between water
and land-based ECCR systems. In the past, the lack
of practical land-based ECCR systems is directly
attributed to companies simply applying water based
design principles to the significantly different
environment and market requirements of a land-
based system. The fact that these environments
require significantly different approaches may be
seen in the simple fact that both the Semi and LRI ECCR Controller
Closed Circuit Mixed Gas rebreathers are in fact very LR4011

practical devices for many situations underwater and

in those situations have significant advantages over other breathing device approaches.
On land, these devices have had no practical advantages when simply implemented
similarly to underwater use. These examples are practical demonstrations to those who
consider it; that there are significantly different issues and requirements that must be met
on land from those that are of relevance underwater. System designs, in order to be
successful, must define and accommodate the differences in order to produce breathing
systems that warrant serious consideration relative to those systems already in proven
use above water.
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LRI TACR ECCR Controller

The advantages of a practical and properly designed
ECCR system are significant. These systems can
provide hours of duration within acceptable limits of
weight, bulk, maintenance, and user expertise. They
can provide this duration with an Oxygen level equal
to that of air or at any other optimal value as defined
by the working environment. Laguna Research, Inc.
has taken into account these considerations and has
produced truly uniqgue ECCR controllers that will
propel rebreather systems into the forefront and
enable breathing systems to function and provide the
duration where it has not been possible before. With
state-of-the-art failure management and user
information we help create fully functional land based

ECCR systems. An Electronically Controlled Mixed Gas Closed Circuit Rebreather system
may be the system of choice for your future requirements.

With a property designed ECCR Contraller, the user can be freed of the concem and tasks assodated

with failure management.
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