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ABSTRACT

Tracer Technologies has developed a Persistent Chem-
ical Agent Simulation System (PCASS) to simulate,
for force-on-force training exercises, the field en-
vironment produced by the presence of persistent
chemicdl agents. In addition to this report, Tracer
Technologies has delivered to JPL for their evaluation
the following:

(1) Five gallons each of blister and nerve
persistent chemical agent simulants.

(2) Decontamination agent simulant to decontaminate
chemical agent simulants which have been sprayed on
surfaces, -

(3) Detection papers which will indicate appro-
priate color change to the simulants.

(4) A device for a 60 day loan period to detect the
presence of perfluorocarbon tracer material in the
chemical agent simulants.
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1.0 INTRODUCTION (

The U,S. Army has defined a requirement for a simulant material
to ald in training combat force response to an attack with
persistent chemical agents., Such a simulant system must satisfy
several requirements to be of value as a training aid. Specifi-
cally it must provide for realistie training which will gen-
erate competency in at least the following areas:

o Detection of the persistent agent presence

Proper use of protective equipment and procedures
e Determination of the extent of contamination
@ Decontamination of equipment and personel.

A suitable simulant system for persistent chemical agent
(PCASS) must behave in a manner similiar to a threat agent
with respect to its physical behavior and decontamination
procedure. It should be detectable by methods and materials
which would be employed in an actual sgcenardo or by training

methods and materials closely resembling those actual
methods. Further, chemical simulants must pose no health
threat to trainees, instructors, or by-standers and must not

become a source of environmental pollution.

The Jet Propulsion Laboratory has defined functional needs in
seven specific areas with characteristics of the PCASS defined as
either essential or preferred. - These requirements define
the idealized PCASS. Tracer Technologies has developed a FCASS
which will satisfy the vast majority of these essential re-
quirements. In some cases, the requirements were such that
changes were necessary and were discussed with the JPL
technical manager. This report will provide the results of the

.Tracer Technologies - PCASS development and the test results

which 1indicate the satisfaction of the contractual requirements.
Technical discussions of proposed changes in the requirements
and variations in the formulation of the PCASS which will aid
the Army in achieving their overall objectives are also
included. :

2.0 TECHNICAL DISCUSSION

The technical requirements for the perslstent chemical agent
simulation system (PCASS) are shown as Exhibit 1 of JPL
Contract Number 956631 and are included in Appendix 1 of this
report, Discussion of each point included in this section
refers %o the functional requirements by the .appropriate
section and paragraph number of this Exhibit. : .




@f} 2.1 FORMULATION OF THE PCASS

o An in-depth discussion of the formulation of the PCASS
follows, In addition to the formulation ingredients, and
procedures, an explanation of the interaction of the
various components is presented.

2.1.1 SYSTEM RATIONAL AND BASIS

The development of the Tracer Technologies PCASS was
approached £from the desire to provide an aqueous based
system of components which would allow formulation
flexibility, ease of field use, and realize economy of
use and storage. To this end, various materials widely
used in the prepared food and cosmetic industries were
investigated as candidates for thickeners, sequestrants,
corrosion inhibitors, and pH modifiers, This approach
was judged as the most promising in keeping with the
safety requirements set forth in the contract,

Common to both the blister agent simulant and the nerve
agent simulant are the thickeners used. Both sodium
alginate and polyoxyethylene (Union Carbide POLYOX) are
used in the two systems although their relative amounts
differ. These thickeners are widely used in the food and
cosmetic industry.

2,1.2 BLISTER AGENT SIMULANT

The blister agent simulant must posess viscosity charac-
teristics similar to a 30W motor oil, a yellow color,
and a garlic~like odor,

To obtain the "feel" of motor oil, a slightly thickend
aqueous solution was required. This solution must also
provide a lubricant "feel" of slickness. Sodium alginate
was used to provide the required viscosity and a small
amount of polyoxyethylene was added to provide
"slickness". A 1lubricant '"feel" was obtained by ad-
justing the amount of polyoxyechylene.

To provide a yellow color, 0.2 ml/1 FDC Yellow was added
to the blister simulant. The amount of coloring agent
was arbitrarily chosen and its final concentration may
be adjusted, with ease, to sult those who have actually
seen real agent,

Aqueous extract of garlic was chosen as the odorant.
While other ¢dorants, such as mercaptan compounds, could
probably be considered, the solubility and acceptability
of a food additive dictated the choice of garlic ex-
tract. : :




The formulation of the delivered blister agen. simulant
is:

PART A (Odorant, colorant, pH adjust)
2 % w/v Citric Acid Monohydrate
0.2ml/1  FDC Yellow Food Coloring
5 ml/l Aqueous Garlic Extract

PART B (Thickeners, humectant/sequestrant)
0.2% w/v Polyoxyethylene
0.6%2 w/v Sodium Alginate
10%2 v/v Polyethylene Glycol 200

Polyethylene Glycol 200 (PEG 200) is utilized as both a
humectant and as a sequestrant to aid in solution of the
thickening agents. Both sodium alginate and polyoxy-
ethylene flocculate when added directly to water. This
results in large masses of the thickening material sur-
rounded by a slowly dissolving gelatinous solid-liquid
interface. To allow solution to be effected with mini-
mal agitation or stirring, the thickening materials are
suspended din a medium in which they are not soluble but
which 1is soluble in water, When this suspension 1is
dispersed in water, solution of individual particles of
thickener is favored.

To effect solution of the components, the solids are
dissolved in approximately one~half the f£inal volume of
water. The suspension of thickener in sequestrant dis
then shaken to resuspend the solids and added quickly to
the water and shaken vigorously for one minute. The
remaining water 1s added, the solution shaken and
allowed to stand for about 30 minutes. After this
period, it is shaken again and is ready for use,.

Citric acid is utilized as an acidifier to adjust the pl
of the simulant to pH 2, This allows determination of
its presence by the detection papers which react to pH
changes at pH 2 in the acid range., Citric acid is widcly
used as an acidifier in the beverage industry and the
resultant pH of the blister agent simulant is similar to
many carbonated citrus~-flavored sodas.

2.1.3 NERVE AGENT SIMULANT

A thickened nerve agent simulant is required to have the
viscoelastic characteristics of tackiness and  stringi-
ness similar to that of honey. To effect this consis-
tency, sodium alginate and polyoxyethylene were again
used. To obtain the necessary pH for indication on the
detection papers, sodium carbonate monohydrate was used.
The nerve agent simulant also contains a corrosion in-
hibitor (FERNOX, Newage Industries) which, due to  its
alkalinity, could not be included in the blister agent

simulant as ‘its effectiveness would be neutralized by
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the citric acid which provides the <color change on
detection papers,

The formulation of the nerve agent simulant is:

PART A (pH ADJUST, CORROSION INHIBITOR)
0.52 w/v Sodium Carbonate Monohydrate
0.1%2 w/v - FERNOX (Newage Industries)

PART B (THICKENERS, HUMECTANT/SEQUESTRANT)
0,5% w/v Sodium Alginate
0.5%2 w/v Polyoxyethylene
52 V/V Polyethylene Glycol 300

An increased amount of polyoxyethylene in the nerve
agent simulant provides a higher degree of viscosity and
elasticity, The agent is quite stringy when poured and
maintains a "tacky" feel

Polyethylene glycol 300 was included in the nerve agent
as a sequestrant for dispersion of the thickeners and as
a humectant. This higher molecular weight glycol was
determined necessary after analyzing the drying mech-
anics of droplets of the simulant. It appears that . the
polyoxyethylene strongly binds available water during
the drying process, This caused premature "drying" of
the material as well as loss of indicatlon on the detec-
tion papers., PEG 300 was found superior to PEG 200 in
maintaining the desired characteristics of the droplets
over a longeéer time period,

The action of the thickener/sequestrant suspension and
the mixing mechanics are identical to those for the
nerve agent simulant.

2.1.4 DECONTAMINATION SOLUTIONS

The aqueous based PCASS provides several advantages when
simulating decontamination procedures and agents, The
"nerve and blister agent simulants are readily removed
with water or isopropyl alcohol. Thus, it is sufficient
to add materials to water to give the appearance of
actual decontamination agents.

2.1.4,1 DECONTAMINATION AGENT DS2

As discussed above, the agent simulants are readily
soluble in water and hence DS2 can be suitably and
economically simulated by using water. This being the
case, no formulation information is offered and this
component was not shipped with the evaluation material.

2.1.4,2 ISOPROPYL ALCOHOL. (PERSONAL DECONTAMINATION KIT)
Again, water can be substituted for this decontamination
agent, Alternately, isopropyl alcohol could be used at
higher cost. .




2,1.4,3 SUPERTROPICAL BLEACH
In order to provide a Supertropical Blecach (STB) simu-
lant, 4t was necessary to devise a system which had the
appearance of a slurry but which would allow spraying
for 4 hours without settling,

Calcium carbonate was initally investigated and provided
a good visual appearance but posessed a rapid particu-
late settling rate., It was decided that a milky color
and some particulate would be a reasonaoble compromise.
To this end, a combilnation of calcium carbonate (for
particulate) and powdered milk solids (for color) was
chosen. The formulation is as follows:

5g/1 Calcium Carbonate
10g/1 Powdered Milk

Due to the presence of powdered milk, it is advisable to
mix this simulant only when needed and to discard any
unused portions in order to pravent souring.

2,1.5 DETECTION PAPERS

The ability to detect the agent simulants by color
change on M8 and M9 detection papers or their training
equivalents was investigated. The use of M8/M9 papers
was abandoned early on as it was found impossible to
evoke a color change with materials compatible with an
aqueous based system and in keeping with the safety

requirements of the contract.

Readily available titration end-point dindicators were
investigated with respect to their sensitivity and com-
patibility with other indicators in solution. Various
papers were then investigated as candidates for use as a
vehicle for the indicators.

The desired color response of M8 analog paper is a
yellow change for nerve agent simulant and a red change
for blister simulant. The M9 analog should show a red
color change for either material. :

To this end, candidate indicators were chosen which, in
combination, would be an orange or brown color and would
give a clear color change at pH 2 and pH 11, The actual
indicators and their interaction is presented with each
formulation. .

The pH of various types of paper varies greatly as a
result of chemical treatment in the manufacturing pro-
cess 'and can effect moderate color change in some dye
solutions. Standard laboratory blotting (bibulous) paper
was ultimately chosen for use due to near neutral pH and
its absorbtive properties,
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Samples of the detection papers supplied for evaluation
were subjected to direct sunlight for a total of 48
hours, While some fading of color oczurred, the papers
still provided a clear reaction to the agent simulants,

2,1.5.,1 M8 SUBSITUTE DETECTION PAPER
The formulation for the M8 training substitute is:

500mg Methyl Red
100mg Neutral Red

Dissolve in 1 liter methanol and store in amber
glass contailner,

Methyl Red 41is yellow at neutrality and changes to red
below a pH of about 3, Neutral Red is red at neutrality
and changes to yellow above approximately pH 10. In com-
bination, the resultant solution is orange.

Bibulous paper was saturated in the solution and allowed
to air dry thouroughly. The resultant paper is an
orange~brown which exhibits a marked red color change at
pH 2 and a vivid yellow change at pH 11.

2.1.5.2 M9 SUBSTITUTE DETECTION PAPER
The formulation of M9 substitute follows:

500mg Methyl Red
500mg Cresol Red

Dissolve in 1 liter methanol and store in amber
glass container.

Methyl red 4is yellow at neutrality and chages to vred
under acidic conditions., Cresol red is also yellow at
neutrality but chages to red under alkaline conditions,
The resultant combination is yellow-orange at neutrality
and changes to red at pH 2 and pH 11.

The M9 subsitute paper is prepared in the same manner as
the M8, The resultant paper is light brown in color,

2.1.6 PERFLUOROCARBON TRACER EMULSION

Perfluoroccarbons are insouluble in water and, therefore,
must be either emulsified or added with a co-solvent
when their dispersion in an aqueous medium is desired.
The emulsion technique was selected for use in the PCASS
ag 1t 1is a nearly equivalent emulsion which 1is being
ugsed as a blood substitute. :

For the small quantities of perfluorocarbon ‘emulsion
required for this effort, a laboratory hand homogenizer
was used for the emulsification process. Pluronic F-68
(BASF-~Wyandotte) was used as the surfactant to aid in

~forming a stable micro-emulsion., The required amount of
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perfluoro(methyl)cyclohexane was added to a 4% (w/v)
solution of Pluronic F-68, This mixture was shaken
vigorously and transferred to the homogenizer reservoir.
The mixture was passed through the homogenizer three
times with increased shear on each pass. Emulsions re-
sulting from this process have been demonstrated as
stable with respect to temperature and storage. While
scne separation seems to occur with time, sheking the
container of emulsion restores its homogeniety,

SATISFACTION OF REQUIREMENTS

The detailed requirements for the PCASS are listed
in Appendix 1., An abbreviated statement of the ac-
ceptance c¢riteria ds included at the beginning of each
discussion point for eamse of reading this report,

2.2,1 TRAINING SIMULATION

2.2.1,1 Field Use

B,1.,a.(1) Sprayable with atomizer at 40 psi. Decon-
tamination agent sprayable with hand pump sprayer.
Detection instrument issuas go/no-go indication,

The blister agent, having the consistency of light oil,
is easily sprayed with an atomizer or hand pump
sprayer, The presence of the perfluorocarbon 4n the
simulant allows the detection of the drops with the
Tracer Technologies supplied instrument as long as the
droplet is wet enough to continue to hold the perfluoro-
carbon. Since the perfluorocarbon outgasses from the
simulant over a period of time at a rate faster than the
droplets are drying, -"the detection time using the in-
strument is shorter than the detection time using the
simulant papers,

The thickened nerve agent behaves significantly
different than 'the blister simulant or water, Its
drying time and characteristics are quite dif-
ferent., It appears to form a thin skin over the droplet
and then dry in a period of time roughly half that of
the blister agent simulant, Because of the presence of
the skin, the perfluorocarbon outgassing occurs at
a slower average rate and thus inhibits detection by the
Tracer Technologies instrument. However, initial
detection by the instrument is good.

The agent simulant may not be atomized as easily

as the blister agent due to its high viscosity. Dis~

cussions with the JPL technical monitor indicate that
this  was expected and that the simulant may be
diluted in order tc¢ satisfy this requirement.
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B,l.8.(2) 5mm droplets on aluminum foil less than 2mm
after 8 hours,

B.l.a.(3) 5mm d#roplets on aluminum foil less than 0.5mm
after 16 hours.

B.l.a.(4) No <color change on detection paper after 16
hours.

The requirements noted are somewhat inasppropriate since
experiments show that the droplets do not shrink radial-
ly but, rather, maintaln their original diameter while
drying and flottening in the vertical dimension. Thus,
the requirement was taken to mean that the droplet would
mark the paper at approximately 8 hours and not show any
avidence of indication on the papers after 16 hours when
exposed to 80°F and 50% relative humidity. We have found
that this could he accomplished and, by the introduction
of the proper amount of PEG into the solution, we were
able to control the drying time over a wide range of
conditions.

In our investigations, however, we also realized that
the temperature and relative humidity criteria are ex-
tremely harsh and that under almost all conditions
expected other than certaln desert climates, the PCASS
would last longer than desired. OQur estimate of drying
time for <conditions one might encounter in Alabama or
Washington, for example, show that the PCASS would last
from 2 to 8 times as long as at the required test condi-
tion (see Appendix 2). This would render the agent
simulants wunacceptable for rapid re-use of a training
area. Some latitude exists in the formulation which
allows shortening of the drying time. OQOur recommenda-
tions 4in this regard are presented in Section 4.0 of
this report.

B.l,a.(5 Color change on papers after 8 hour ex-
posure to -7°C/100% RH

After 8 hours of exposure to -7°C at 1007 relative hu-
midity, the blister agent simulant has the consistency
of a slush and will cause color change on the detector
paper substitutes.

2.2.2 CUES FOR TROOPS

B.2.a.(1) Nerve agent simulant clear and stringy.

Indications from the JPL technical monitor and
Army representatives indicate that the simulant does
meet the appearance requirement noted,

P AL, . -



B.2.0.(2) Blister agéut simulant hod appearance and
teel of 30W oil, yellow color, and garlic odor.

Indications from the JPL technical monitor and
Army representatives indicate that the simulant
does meebt the appearance requirement noted,

B.2.a.(3) Blister agent shall have latent casualty indi-
cation,

The PCASS developed here does not posess a means for
latent indication of spot contamination. It c¢an, when
used with the perfluorocarbon tracer provide a means of
determining exposure while unmasked by indicating the
presence of perfluorocarbon in exhaled air, However,
concentration limits required and optimization of the
instrument provided for evaluation are beyond the scope
of ths contract effort.

2.2,3 Detection by Troops

B.3.a.(l) Give yellow color (nerve) and red (blister)
on M8 equivalent paper and red for both on M9 equi-
valent paper.

Both simulants clearly give the expected reactinns
with the simulent papers, The color indications
matsih the color indications of the real agents on
deyvectlon papers extremely well,

2,2.4 DECONTAMINATION

B.4.n,(1) No indication on detection papers 2 minutes
after decontamination,

The water soluble simulants are completely removed by

~ pressure spray or scrubbing with the decontamination

agent simulants.

B.4.8.(2) No indication on detection papers afher hasty
decontamination with DS-2 decontamination agent simu-
lant. '

Decontamination with DS-2 decontamination agent simulant
removes the agent simulant and causes no indication on
the detection paper subsititute.

B.4.A.(3) Decontamination with 507 isopropanol
gives no indication after 2 min _

Decontamination with 50% isopropanol gives no indication
on detection paper substitutes if thorough wiping is
employed, B :
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B.4.a.(4) Visual appearance of DS-2 decontamination
agent,

Water is used as the DS-2 decontamination agent simulant
and hence 1s colorless,

B.4.a.(5) Visual appearance of Supertropical Bleach.
Settling time minimal to allow spraying within 4 hours
of mixing.

The STB simulant is a milky solution containing
particulate matter to give the appearance of a slurry.
It is sprayable after 4 hours of standing time.

B.4.a.(6) Thermal decontamination of 2mm drops  at
2g7M° with 100°C for 10 seconds,

These criteria are lacking an dimportant variable in the
‘determination of the amenability of the PCASS to thermal
decontamination., At the stated temperature, both simu~
lant materials lasted nearly 30 secnonds with a linear
velocity of the hot air of 5 m/s. It is believed that
this requirement is in keeping with the proposed jJet-
blast decontamination method where considerably higher
linear v-locities would deform the droplets, increasing
their surface areas, and increasing forced convective
evaporation. In view of the low air flow results and
estimates of jet blast characteristics, we believe that
this requirement will be met.

2,2,5 TRAINER DETECTION

B.5.a.(1l) Detect 2mm drops at a density of 2g/M’
within 10 seconds. No detection after application of
decontamination agents., No detection after 16 hours,

The detection instrument will give a positive response
to the required droplet loading within 5 seconds. It
will not respond afiter application of decontamination
agents nor after a period of 16 hours.

B.5.a,(2) The means of trainer detection will be
transparent to trainees.

The detection instrument may be made remote indicating
to accomplish this requirement. '

2.2,6 SAFETY
B.6.a.(l) List toxicology of each ingredient
With the exceptions of polydkyethylene and FERNOX,L all

component parts of the nerve and blister agent simulants
are to be found among the recognized as safe group of
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food &and cosmetic additives as found in Title 21 of
the Code of Federal Regulations.

The manufacturers of FERNOX (Newage Indusiries) and
POLYOX (Union Carbide) have supplied detailled safety
information on these products. Copiles of the manufac-
turers data may be found in Appendix 3.

Both materials appear to be acceptable for use in a non-
toxic system. While FERNOX is non-toxic in itself, its
ability to scavange oxygen could produce anoxia if in-
gested in large quantities, It is believed that the
amount of FERNOX present in the PCASS is small enough to
cause no i1l effect.

Sodium Carbonate, sodium alginate, polyethylene glycol,
cltric acid, garlic ¢.rract, and yellow food <coloring
are among materials generally recognized as safe by the
Food and Drug Administration,

The following are the limits on use of these materials
as set forth in Title 21:

SODIUM AGINATE: Title 21 Part 184,1011 states that, as &
thickener, sodium alginate may be used in an amount 'not
to exceed current good manufacturing practice.”

CITRIC ACID: ‘ritle 21 Part 169 states that citric acid
bay be used in an amount not to exceed current
manufacturing practice but does not quantify the amount
except for such foods as pickles.

SODIUM CARBONATE: Title 21 Part 182,1191 states that
this substance "is generally recognized as safe when
used in accordance with good manufacturing practice."

POLYETHYLENE GLYCOL: Title 2) Part 172.080 states that
polyethylene glycol (not to exceed 0.27 ethylene and
diethylene glycols) is recognized as safe when "it is

used in an amount not greater than that required to

produce the intended physical or technical effsgct."

Aqueous garlic extract and yellow £food coloring are
assumed safe due to their availability in food markets.
Powdered milk is an accepted food substance. Calcium
Carbonate 1is not present in sufficient quantity to be
considered harmful.

Perfluorocarbons (tracer material) and their emulsifier
are .currently being used as blood substitutes and plasma
expanders and are pending FDA approval. Their dinert
nature and presence in low concentration (0.5%) pose no
forseeable health hazard.

i



B.6.a.(2) List environmental acceptability.

No negative comment, sanction, or restriction has been
placed on any component of this PCASS by the
Environmental Protection Agency based upon telephone
conversations with Ms. Kathy Taylor of the Industrial
Assistance Group,

B.6.a.(3) Pose no fire hazard in storage or use,

No component of the PCASS poses a threat of fire or
explosion in =storage or use if handled in accordance
with directions for use and stored in original
containers until time of mixing,

2.2.7 GENERAL

ﬁ.?.a.!lz (a)No rust on mild steel, (b) No <corrosion
on aluminum foil after 24 hours. {(c)No stain on olive
drab canvas.

(a) The rust inhibitive properties of the nerve agent
simulant meet this requirement., Slight discoloration of
the steel is noted with the blister simulant, (b)Neither
simulant agent discolors or corrodes aluminum foil. (c)
Neither agent causes perminent staining on olive drab
canvas, '

B.7.a.(2) Agent simulants removable from clothes by
normal laundering. .

Normal laundering removes the water based agent sim-
ulants, There appears to be no staining of the material,

| B.7.a.(3) Agent simulants field preparable.

Both agent simulants are preparable in the field with no
requirement for heating the material. For small quan-
tities, shaking c¢an be used to effect solution of the
component parts. For larger (greater than one gallon)
quantities, a method of stirring the materials in an
appropriate mixing container is required. :
B.7.2.(4) Decontamination agent simulant field prepar-
able. '

.The entire PCASS may be prepared in the field in varying
quantity. Supplied in coatainers of concentrated
additive which are added to water, resulting in ease of
operation, economy of use, and reduced storage
requirements. :




B.7.a.(5) Cost less than $7,00/gallon,

The cost of the Agent simulants is less than $2.50 per
gallon without perfluorocarbon tracer. A cost analysis
is presented in Appendix 4.

B.7.a.(6) Components field storable and mixable after
cyclic exposure to -45°C for 24 hours and +45°C for 24
heuars,

All components are believed to meet this requirement,
The lowest available sustained temperature available at
the time of testing was -18°C., No degradation of com-
ponents was observed at this temperature, None of the
components are believed to be adversely affected by
freezing,

B.7.8.(7) Compatible with existing decon equipment (M1l
gpray device).

All decontamination agent simulants are believed com-
patible with existing decontamination spray equipment,

2,3 ADDITIONAL TEST RESULTS

2.3.1 EFFECT OF GLYCOL ADDITION

It has been determined that the drying characceristics
of the agent simulants can be modified by the appro-
priate choice of molecular weight and amount of poly-
ethylene glycol added to the mixture,.

As an example, blister agent simulant lacking PEG lasted
less than 2 hours at 80°F/50% RH. When 30%7 PEG200 was
used, the simulant lasted nearly 24 hours before 1its
ability to produce a color change on detection paper
ceased. '

2.3.2 DETECTABILITY OF PERFLUORQOCARBON TRACERS
The lower limit of sensitivity of the instrument pro-
vided to JPL for evaluation of the PCASS is approximate-
ly 0.5 parts-per-million (vapor v/v) of the tracer
material. The necessarily high concentration of tracer
material din the simulant required to produce the
required vapor concentration raises the cost of the
‘simulant material significantly when the low sensitivity
haleccarbon detector is employed. Instrumentation exists
which will detect the tracer material at concentrations
up to 4 orders of magnitude lower. This instrumentation
~is  currently being re-designed to allow its use in the
field and -should <contribute to lowered cost for the
simulant materials when the tracer is used.

Initial test results indicate that, at 0.52
perfluorocarbon content, breath analysis for latent
‘casualty detection dis beyond the capability of the
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instrument provided for evaluation. Complete testing of
the breath analysis technique and the required
instrument modification are beyond the scope of this
contract. Initial indications are that such a technique
l1g possible.

3.0 CONCLUSIONS

Tracer Technologies has successfully developed an aqueous based
PCASS which meets the majority of the essential and desired
characteristics set forth by the Jet Propulsion Laboratory. Addi-
tionally, a perfluorocarbon tracer material has been successfully
introduced into the blister and nerve agent simulants.

The addition of perfluorocarbon tracer to the agent simulants may
allow (1) assessment of decontamination efficiency (2) quantita-
tive measurement of the amount of agent simulant remaining in an
area as a function of time, and (3) the determination of latent
casualties., while £full development of the last two characteris-
tics required development which fell beyond the scope of this
contract we believe that they show sgsufficient feasibility to
warrant further investigation,

4,0 RECOMMEDATIONS

Three major areas of investigation are apparent as a result of
this study. Specifically, the areas are: (1) the miniaturization

" of an instrument which can provide the required sensitivity

necessary for use as a latent casualty indicator, (2) the
continued evaluation of the PCASS and instrument for field  use,
and (3) the development of several formulations of the PCASS for
use in varying climatic conditions, '

4.1 CONTINUED DEVELOPMENT OF THE PERFLUOROCARBON
DETECTOR.,

The Tracer Technologies Halocarbon Detector furnished to
JPL has a measurement sensitivity of approximately 0.1
to 1.0 parts-per-million. It is not specific for per-
fluorocarbons and responds well to halocarbons in
general. In order to provide a latent casualty indica-
tion (i.e. determine from an individual's breath that
exposure to the PCASS had occurred), our calculations
show that the sensitivity of the instrument must be
increased to allow concentration measurements of the
order of 100 parts-per-trillion. Lahbhoratory studies
indicate this is achieveable. Tracer Technologies, using
other types of instrumentation for the determination of
sulfur hexafluoride, has made realtime measurements of
concentrations to 10 parts-per-trillion on a routine
basis. See Appendix 6 for a more detailed dlscu531on of
instrumentation requlrements.

4.2 MINTATURIZATION AND RUGGEDIZATION OF A DETECTION
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4,2 MINIATURIZATION AND RUGGEDIZATION OF A DETECTION
INSTRUMENT,

To fully utilize this PCASS in & training program, the
detection instrument must be suitably miniaturized and
modified to suit a military field environment. Such an
instrument 1s within the current state-of-the-art but
should probably not be developed outsida the task
described in paragraph 4.1.

4,3 MULTIPLE FORMULATIONS OF THE PCASS FOR VARYING
ENVIRONMENTS.

As indicated in the report, the PCASS was developed to
last approximately 8 hours at a temperature of 80°F and
507 relative humidity. The time requirement was estab-
lished ¢to provide for rapid re-use of a training area.
However, our experiments and calculations (see Appendix
2) dndicate that under most conditions, other than
desert <climates, the PCASS would 1last significantly
longer than desired. The experiments performed under
this contract also indicated, however, that modification
of the PCASS <could he achieved to allow more rapid
evaporation times, Tracer Technologies believes that
multiple formulations or a system of incremental
packaging with a climate versus amounts mixing chart
should be developed to allow optimum use of the PCASS
under the majority of environmental conditions.




"APPENDIX 1 Exhibit 1
Contract No. 2364131
Dated: July 21, 13934
. REQUIREMENTS . Page 1 of 9
FOR A
, PERSISTENT CHEMICAL AGENT SIMULATION SYSTEM (PCASS)

A. INTRODUCTION "

The U.S. Army requires the avallability of a PCASS for simulating, during
training, ‘an attack upon its personnel with persistent chemical agents.

There are several classes of antipersonnel toxic chemical agents which might
be simulated. One of these classes is the one broadly defined as nerve such
as Soman (pinacolyl methyl phosphonofluoridate); another oclass is known an
vesicants (biister) such a3 musterd gas (bis(2-chloreethyl) sulfide).

To be scceptable as a training simulant systea, several general objectlives
must be realized through its usze.

All Army personnel must be able to:

1. Detect the presence of persistent chzmlcal agents,

2. Properly vse protective equipments and procedures so that individials
end units can adjust to the chemical agent environment and conbiaue
their mission, ,

3. Reconnoiter ground areas to determine loecation, extent, ani
concantration of contamination by persisitent chemiocal agents,

4, Report the findings of their renonpaissance,

5. Recognize during day and night operations the markers or signs plaecsd
to define areas of chemizal agsnt contamination, and the procedures
to be taken when encountered.

t. Decontaminate equipmenis, personnel, and specified areas to reduco 1
eliminate the casualties caused by persistent chéemical z2gents.

All Army commanders must be able to apply correct principles (such rs
contamination avoidance) o control the operation of their units so as Lo
achieve their mission when parsistent agents are snecuntered,

Army trainers must be able to verify that proper chemical'warrare defensive
procedures {such-as decontaminaiicn) were used by the trainees,

Thua, the principal requirements for a trzining systenm for =inmulating a
nerasistent chemical agent attack i3 the developuent of:
1. nontoxic materiala whick, to the human senses, act like persistexnt
chemical agents,
2. nontoxic materials whizh aot like Army decontamination agenta to
* remove or deactivate the eimulatoed persistent nshemical agents,
- 3., & device which can be used by an-Arny trainer for detecting tio
* presence of the simulatad persicient chemical agents.

The current effort being condustisd 15 to defirne concepts and eveluate in the
" laberatory at the JPL the technology available for producing a safe PCASS
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PCASS Functional Ruquircnents OF POOR QUALITY,

One potentlal apurzach, but others are expected and will Le eonsidered, Jor
providing a PCASS lu tn have the following:

1. A material that ean be deposited on the training fleld during training
exerolses whicn looks to a trainee like & persistent chemical agent.

2. A matoriol in a personal decontamination kit that ocould be used like
the'Army o256 or M258 kits for use on the akin or clothing.

3. A pnateriz) that could be used like the Army DSZ for decentaminatiag
firmy wzapavs nr fleld equipment,

h, A means for detecting, by Army trainers, the presence of ftas
persistent chemical agent simulant which was not removed or
decontaminated by the decontaminating agent siwulant hecauuc of
improper use of Army decontamination progedures by trainees.

B.FUNCTIONAL REQUIREMENTS

The requirements eifad below are divided into two types « mandatory and
desired. In order to receive payment in full, the Contractor shall deliver a
PCASS which meets ail of the mandatory requirements. The desired requirenents
are cnly desired by JPL. They are to be balanced in developing a systen of
optimum value to JPL,

1« Tralning Simulation
a. MAKDATCRY

(i) The PCASS shall be capable of being used in the field or
for olassroom demorstrations at th2 US Army Chemicai School, Fort McClellan,
Alabama, and at US avnmy posts, camps and stations worldwide.

Note: "Fiesld use™ means that a simulant agent is deposited or sorayed =

that a trainece can visually locate droplets In the contaminated arca whorn

looking for the ainmulant agent on: the ground or on vezstation covering
an area of onz square meter to one sguare kilometer, man-wtade struciures

(roads, buildings or bridges), exterior metal, painted metal, fabria eor

. plastic surfaves of small and large Army field equipment, aad gkin or
clothing or Arny trsinees,
TI171]
This requirement shall be considered acceptable by JPL wvhen:

{a} The thickemned rerve simulant agent and the bllster simulant agaent ocun
be atomized and sorayad from a 500 milliliter bottle using a 40 pounds fores
per square inch gaze (psi) air supply, and

(b) The decvntamination simulants can be sprayed from a.housnhold 500
milliliter plant or laundry water spray, and

(o) The trainer detection instrument can detect the presence of the
pimulant agents before decontamination and the absenoe of the uimutamt aqentu

after deccntamiua*iuu.'
o

{?2) The PCASS shall be capable of providing texic chemical
agent experience te all active and reserve components conducting combined armse
force on force trainipg exercises which can last up to 8 hours,
4R
‘This requirement ashall be considered acceptable by JPL when 5 m:llimcter
diameter drops of 2ach of the simulant ohemical agents, deposltad on an
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PCASS Punctional Requiraments POOR QUAL”’Y

aluminum foil surface, are not smaller than 2 millimeters in diameter after §
bours exposure to the amhient atmospliere at 80° F and 50 percent relativs
humidity, °

(3) The PCASS shall be capable of permitting the reua. of
training areas after a period of 16 hours on a noninterference basis.
(1111
This requirement shall be oonaidered acceptable by JPL when 5 mlllimeter
diameter .drops of each of the simulant c¢chmmical agents, deposited ol &n
aluminum foil surface, are not larger than 0.5 millimeters in diameter afher
i6 hours exposure to an anslent atmospherc at 80 F and 50 percent relative

(4) The perpistant agent aimulant shall not bte capable of
detection by detection papers arter 16 hours, '

Note: Also see requirement 2.a.(1) and 3.b.(1) below.
TITI R :
This requirement shall be considered accepyable by JPL when 5 millimeter
diameter drops of each of the simulant chemicazl agents, deposited on au
aluninum foil surface, ds not cause correct color changes in the detector
papers after 16 hour exposure to au ambient atmoaphers at 60 F and 50 peroent
relative humidity.

_ (5) The PCASS shall be useable ovar a wide temperature range
(=7° to +38° ¢) , numidity conditions (desert, 10% relative humidity to
tropical, 90% relative humidity) and normal terraln and weather conditions (in
the 'wresence of snow but not rain).
IITN _
This requirement shall be considered acoeptable by JEL wben § millimeter
diameter drops of each of the simulant ckemical agents, deposited on an
aluminum foil surface, will canse color changaq in the detector papers after 8
hour exposure to an ambient atmosphers at ,7 C and 100 percent relativs
humidity.

b. DESIRED

{1) The persistent chemical agent simulant should be able To be
applied oy being disseminated as droplets 1 te 5 millimeters in diameter,

Note: Application techniques would jsnclude aipreraft or helicopter apray
tank, explosive breakup of the persistent agent simulant from a mine or
projected plastic container, or oa the ground by hand or motorized spray
equipment such as used commercizlly for insectleides,
S - (2) The presence of the persisient chemical agent simulant
should not be visually apparent after 16 hours.

o . (3) The PCASS should be useable over a temperature range of
=509 to +45° €, '

~ 2. Cues for Troops

| L R . PAGE A 3
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PCASS Functiornal Requirements

11) One formulation of the persisatent agent simulant shall have
the visr. 1 appearance and feel of a thickened nerv: agent.

Note: Tha appearance and feel shall be llke that of a viscoelastic fluid
, (stringy, sticky or tacky liquid), Oun n smooth painted nonabsorptive
surface this simulant shall appear visually similar to a 1 to 5
millimetear diameter drop of colorless nuauy. The Jdroplet shall also be
tacky like honey, melted roofing ar asphalt tar.
17177 I
This requirement shall be considered accepcable by JPL when & millimeter
diameter drop of the simulant chemical agent, daposited on an aluminuw foil
surface, has the appearance and feel of u aensy like viscoelastic fluid
wstringy, sticky or tacky liquid).

{2) A second formulation of the perzistent agent simulant shall
have the visual appearance of a blister agent.

Note: This simulant can be characterized ty an oily-like liquid, yellow
color and garlic or wild onion odor,
TITY _ -
This requirement shall be considered acceptable by JPL when 5 millimetur
diamster drop of the simulant chemieal agent, deposited on an aluminum foll
asurface, has the appearance and feel of 30 weight motor oil and smells like
garlic, onions, or wild onions,

_ (37 The persistent chemical agent simulating the blister shall
| have a latent casualty indication which can be developed, or will
| automatically devalep, to indicale prior blister egent contamirnation.

3. Detestior by Troops
a. MANDATORY

(1) The persistent chemical agent simulant shall be detectable
. when using saither the Army M8 and M9 chawlcal agent detector papers or
surrogate papers (furnished by the Contractor).

Note: P"Detzctable” is defined as causlng tihe yellow (nerve) or red
(blistar) unlor changes used for the US Aruy ABC-M8 paper and the red
color change of the US Army M9 paper or the specifled color changes to
the surrogate papers when a droplet fzlla on or a droplet sample is
applied to the paper.

This requlirenment shall be conaidered acceptable by JPL when 2 millimeter
diametar drops of each of the simulant chemicsal agents, deposited on an
sluminum foll) surface or when a droplet falls on or a droplet sanmple is
applisd to the paper, cause the yellow (nerve) ar red (blister) color changes
used for the US Army ABC-MB paper and the red color change (for either:
sinulant) of the US Army M9 paper or surrogate papers (furnished by the
Cuontractor). o

PAGE A 4




ORIG! oy
PCASS Functional Requirements OF gomé}g' gggms{f "

b. DESIRED ,
/1) The persistent chemical agent simulants should be
detectable by using ;.uining simulant agent detector pavers prepared for the
PCASS to appear &ni wvet like the Army M8 and M9 deteator paper:,

Note: “Detectoble® is defined as causing the yellow (nerve) or red
{blister) vslox chunges used for the US Army ABC~M3 paper and the red
color* change o' “ho US Army MO paper when a droplef fally on or a dropletb
sample 1 appiivd to the paper.

Note: The training detector paper is not needed 1f the M8 and M9 papers
above can bhg used,

4. Decontaminatiun by Traops
a. MANDATORY '

(1) The simulant decontaminate solution shall deactivatsz,
destroy or remcve tha persistent chemical agent simulant.
seaan
This requirement shsll be 2onsidered acceptable by JPL when the persistent
chemical axent simulants do not provide ard indication on the trainer .
detection instrument 2 minutes after appiacation in accordance wlth
instructions provided with the simulant decontamination agents.

{3) The PCASS shall be suitable for simulating Army hasty or
partiel chemlza) ezent decontamination procedures.

Note: Hasty c¢p partial decontamination is defined aa thoess
decontaminatios processes {phrsical removal and chemical reaction with a
decontaminating agent to desiroy the persistent chemical agent) in lecss
thanh thirty minntes,

Note: These decontamination processes would presumably be conducted in a
forward batile area using personal decontamination kits for skin,
elothing, or lndividual equipment (rifls or weapon), and the 1 quart to 5
gallona of DSZ2 decontamination solution contained in Army spray equipment
for decontariration oi* individual equipment (rifle or weapon), and szall
areas {1 Lo %0 sguare meters) on large equipment (tank or armored
persoanel carrisr,

(%) Foir personal skin and clothing decontamination the
decontamination simulant shall be akle to be prepared so as to appear like
isopropanol,

Tl

This requireznnt ahnll be considered acceptable by JPL whan the persiatent
chemieal agent simulants do not provide and indication on the trainer
detection inatrument 2 minutes after application of 50 percent isoprojiri
alcohol water scluticn from the US Army Training Aid, Perscnal Decontaminaticn
Kit, H58A1.
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(4) For hasty devontamination, the dacontamination aimulant he
able to be prepared ao as tv appeor like a scluvbibn of Army decontaminate L3k,
(TTI])

This requirement shall be considered aczeptable by JPL when the DCR
desontamination simulant visually appears liks DS2.

{5) For complete decontamination, the decontamination siamulant
shall be able to be prepared so as to appear like the white slurry of Aray
supertropical bleach (STB). .

This requirement shall be conaidered aceeptable by JPL when the STB slurry
decontamination simulant visually uppears like a #J percent by weight siurr)
of STB, and does not settle suzh that it czn be aprayed within 4 hours.

' (6) The PCASS shall be able to use thermal decontaminaticnu
procedures ( 100°C for 10 secords to decontaminate).

Note: This requirement is in consideration of the new US Army Jet Exhaus'
Decontamination System (JEDS) which uses the thermal heat of jet engine
exhaust gases to vaporize and decowpose zgents; when dezontaminating
chemicals asre added to the exhaust gag gtream chemical agent
decomposition will oceur by svlvaticon and chemical reactions,

Note: The peraistent chemical agent simulant should either be able to be
vaporized or destroyed by the thermzl jei, or destroyed chemically by
additives in the jet exhaust. The decontamination siwmulant will be
considared for use as and additive in tha JEDS.
saawy
This requirement shall be considered acceptakble by JPL when the trainer
detector instrument does not indicate the prescnsce of the simulant agents frowm
2 millimeter diameter drops at a concentraticn of 2 grams per square meter,
after exposure of the simulant agent sample to 106°C for 4 neronds.

b. DESIRED

(1) The PCASS should be sujtable for simulahing Army complete
persistent chemical agent decontamination procedures.

Note: "Complete decontamination® is derined as those decontamination
processes whiech would be done in a protected rear battle area to
decontaminate personnel so as to be able to remove the protective mesk
and clothing, individual cquipment (rifle or weapon), and large equipmert
(tank or armored personnel carrier),

Note: These procedures us2 Army power driven decontamination equipment,
water and decontaminatlng shemicals in large quantities (55 gallon drums
of. D32 dnd tonnage quantities of Supnrtropical Bleach).
5. Traidbr Detection

a. HANDATORY

(1) The PCASS ahall be auch that a trainer can . determine
. lwproper decontamination procedures.
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This requiremunt shall be considered aceeptable by JPL when:

(a) The trainer instrument can detect 2 uiillzeter diameter drops of the
simulunt chewmical agants depoaited al, a concenlration of 2 grams per square
meter within 10 seconds.

(b) The trainer instrument will not datect tha presence of 2 millimeter
diameter drops of the simulant chemlcal nguntr aceposited at a connentration of
€ grams per square moter alfter application of aipy of thea three decontamination
simulants after 30 seconds,

(e) The trainer instrument shall not deteat Lhe preacnce of 2 nillimeter
diameter drops of the simulant chemical agents deposited at a concentration of
2 grams per square mebar after 16 hours of atwmospheric exposure when
conducting a instrument exposure of 30 avecr.ts.

(2) When condueting chemical wafare training exercises, tha
trainer detector means for the PCASS shall not he visually evident to tralnees
unless the trainer elects to do so.

6. Safety
a. MANDATORY

(1) The PCASS shall be nontoxic to personnel; it shall nut
cause inmediate or long=-term health protlems through contact or inhalation ot
vapors or fumes,

Tl

This requirement suall be conajdered acceptable by JPL when Environmental
Protection Agency (EPA) or Federal Food and Drug Administration (FDA)
documentaticn cr equivalent is furnizhed t¢ JPL which indicates the
toxicoclogy of each sepurate ingradient.

(2) The PCASS shall not damagzge the environment,

Note: This includes considepring the potential detrimental effects of
chemicals that would normally be used ih faruing for chemical fertilizers
or considered to be beneficial.
T TTY
This requirement shall be considered aocceptable by JPL when EPA or FDA
documentation or ecquivalent, pro and con, i3 furnished to JPL which indicates
the environmental acceptabllity of each separate ingredient.

_ {3) The PCASS materials in disperaed, concentrated or bulk form
when placed, stored or mixed together ahall not be a fire or other hazard in
field use or storage conditions.

b. DESIRED

! {1) The PCA3S materials in disperssd, concentrated or bulk form
should not reoquirs protective safety equipment for personnel who worlk with or

stare Lt.

7. ngeral
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a. MANDATORY

[}

{1} Tne PCASS shall not ocorrode, damage, remove paint or
lubricants, or ineressy Iirst echelon maintenance for: pockazing materizls,

Aroy vehloles, decontaminating equipments, and other equlpment (such au,

protootive mask dnd hoosd, wind screens, tentage, or canvas vovers),

This requirement anall ke conasldered acceptable when:

(a) The PCASS ainulants alone or mixed together do not cause rust to
appear on sandblastid mild steel after 24 hour exposure or until dropletds
dissipate, whicnever venurs firat, sufficient to dlacolor white fabric oy
paper, (it is intended that the PCASS exhibit rust inhibitiva
characteristicy).

{b) The PCASS cimulants alone or mixed together ao not cause aorrosion
to appoar after 24 hour exposure on aluminiup foil.

(¢) The PCASS siwulants alone or mixed together dc not cause staining to
appear after 24 hour expssure on olive drab color canvas.

' (2) PCASS shall be such that the simulants can be removed from
fabrics by normal leundry and cleaning processes,
[ 1121
This requirement shall be considered acceptable by JPL when Army Batile Uross
Uniforms contaminated with 5 millimeter drops of simulant agents at a 2 gram
per sguare tieter concentration before or after deconbémination simulants have
been tsed do not show staining or damage after laundry in warm water without
bleach.

{3, Thno PCASS shall be able to be prepared and loaded in thae
rield during the truaining exercisc to become the simulant for thickened ueiva
agent and, with a change in fornmilation or field preparation, the biister
agent, '

Note: It can be assumed that equipme ' for mixing and heating up to 180°F
in 50 gallen quantities in the fleld would be available.
TI1 Y]
This requirement shall be considered acceptable by JPL when the PCASS czn be
mixed in an oflice using only the materials and equipment supplied with Lhe
PCASS kit.

(%) *The PCASS shall be able to be prepared and loaded in the
field during the iraining exercise to become the decontamination simulanis ro"
DS2 or supertropical bleach alurry,

IT11;

Thia requirement shall be considered acceptable by JPL when the PCASS can be
mixed in an office using only the materials and equipment supplied with thez
BCASS kit. '

v " (5) The cost of the PCASS shall be low enough that it does not
preclude use in worldwide large (1000 soldiers) aﬂd small ’10 soldiary) unirn
training.

Note: The pctential use for the PCASS is greater than 100,000 gallons par
year; an approved simulant, which will not west these functional
requirements, that now coats about $7. 00 per gallon in the {leld is
considered to be too expensive,

PAGE A'8

—— " o T -
T S =l H e, = P

. R

é’.‘.?’



, - ORIGINAL PAGE 13
PCASS Funotional Requirements OF POOR QUALITY B

(6Y Tne PCAS3S materials shall be fiwo’d storable.

This requirement shzll be considered acneptable by JPL when the PCASS can be -
mixed in an office uaing only the materials and equipment supplied with tie
PCASS kit after taing exposed to =45° and +45°C for 24 hours each,

(7) The FCASS materials shall be able to be uned in existing

Army decontamination eguipments.
I

This requirement =hall be considered acceptable by JPL when the PRASS
simulants can be uged in an Army M11 decontamination spray device.

b. DESIRED

(1) The 2CASS should not cause perﬁanent damage or staining to
clothing greater than thz level normally experienced in fleld exercisas.

(2) The PCASS materials should bte procurable in large
quantities,

Note: foout 2000 gallons, when field mixned, could be used in a single
battalion size training exercise.

(3} The PCASS materials should be commercially available.

(2} The PCASS individual materials should have a demonsirated
shell 1ife of at least three years.

{(5) The PCASS matz-ials in concentrated or bulk form should
net require special disposal requiraments or processes. .

{6) The PCASS materials in concentrated or bulk form should
not be required tu b2 alassified as ammunition.

{7) PCASS materials should in the concentrated forrm, be
liquids or granular or powdered solids,
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APPENDIX 2
THE EFFECT OF AMBIENT CONDITIONS ON DROPLET DRYING TIME

For purposes of illustration of the variation of the drying
time of the agent simulants with respect to varying ambient
temperature and humidity conditions, we have assumed a hemi-
spherical drop of 5mm diameter. Initial droplet temperature is
assumed equal to ambient air temperature. While it is recog-
nized that wind speed will affect these results significantly,
we will assume for purposes of illustration a free convection
(zero wind speed) condition.

The rate of evaporation is assumed to be proportionai to the
difference between saturated conditions near the droplet and
the ambient conditions at distance.

* 1
m = h{ We—W, ) (1)
Where: o = vaporization rate h = constant
wg = Spec. humidity w. = Specific humidity
at saturation at ambient conditions

The time to evaporate will be:
t=m/m (2)
Where m= the total mass of the droplet

We can, therefore, compare the times of evaporation under
different conditions by using equations (1) and (2).

t bl w w
2, o ok o Sl A (3
X W - W )

' s a
Using a standart psychrometric czhart,2 the appropriate numbers
can be obtadned to compute the ra.io of times for complete
evaporation of the droplet.

The following table presents ratios of estimated drying time
under varying conditions (representative of several average
climates near military training areas) with respect to the
acceptance criteria conditions of 80°F and 50% relative hu-
midity.

Ambient Relative _ Estimated Ratio

Temperature Humidity ' of Drying Time
80°F 20% _ 1.0
90°F 857% 2.4
100°F 907% 3.4
- 35°F 507. 5.8
S5C°F 80% 8.0

It is apparant from the calculated results that the conditions
chosen for the OCASS acceptance are extreme for most areas of
the country and most seasons of the year., It is recommended
that the PCASS be modified in such a manner that varying formu-

"lations are available for use in diverse climates,
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' 1).S. DEPARTMENT OF LABOR
AL w\@,_ . Occupational Safety ard Health Administration

55 SNTATERIAL SAFETY DATA SHEET

Form Apuiove
OM8 No, 44:R1347

Required under USDL Safety and Health Regulations tor Ship Repairing,
Shipbuilding, and Shipbreaking {20 GFR 1915, 1915, 1917}

-—

SECTION |

— 4§ ———

MANUFACTURER'S NAME
Newage Industries Inc.

EMERGENCY TELEPHONE HiO,

215-657-3151

-

AR ey T a S Hoa? % ow Grove, PA 19090 :

CHEMICAL MAME AND SVNDNYMS I'rRADE NAME AND SYNONYMS

BOILING POINT (°F.) SPECIFIC GRAVITY (HyOe1)

has no boiling goint

‘ _MC ound mixture | Fernox C-11, D-33 & -7y
T EREMJCALFAMILY . FcNamuh
oronitrites 0,-NO, .H,0 - !
SECT'ON Il - HAZARDOUS INGREDIEMNTS 1
TLV o YL
PIGMENTS © not applicable BASE METAL |
cATaLYsT N, A. ALLOYS ‘
VEHICLE None METALLIC COATINGS
‘ FILLER METAL 7
SOLVENTS N, A, FLUS COATING OR CORE FLUX
ADDITIVES N A. OTHERS
OTHERS
HAZARDOUS MIXTURES CF OTHER LIQUIDG, SOI.INS, OR GASES % (UT;|:!]'
- o it st
- u‘-J
SECTION !li - PHY3JICAL DATA ]

VAPOR PRESSURE (MM He.) none gﬁ“@gt&;'.:;:‘ikh?'r“-ﬁ

'YAPOR DENSITY {AIR*1)  pnone EVAIORATIGN RATE -

| —

SOLUBILITY INWATER 3 5% (cold)

APPEARANCE AND ODOR  cyystalline substance

SECTION IV - FIFRE AND FXPLOSION HAZARD DATA

P . i S—

FLASH POINT (Method usad) FLAMMMELE LIMITS

Lel

wJal

PR —

EXTINGUISHING MEDIA

SPECIAL FIRE FIGHTING FRDCE-EURES

None

—— m———

UNUSUAL FIRE AND EXPLOSION HAZARCS
- None

e
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N T T H October 1, 1982 OF POOR QUALITY, —

N EFFECTIVE DATE: ctober 1, - .
\""n.: . h-—wJ
g ': e T T—— r-m!--r“ et et s At akbabdary POV S o e b 4 e, ey
'V 'I‘ Lﬂ--‘“ . & o ;L'A s d i J.m,:-’suhn- nmp ! 'DENTlF,CP\TIO'\ dthmromitie o v ahte -f’. ;.'_,51..&&.1._:
- 7" | PRODUCT NAME POLYOX ® Water Soluble Resin 301
i CHEMICAL NAME: Poly{ethylune oxirie) CHEMICAL FAMILY: Palyethers
FORMULA: 4 CHpCH,-0 4 MOLECULAR WEIGHT: > Ona mililcn
SYNONYMS: P.E,O., Polyathylene glyccl, poly{oxyethylene}
DEPARTMENT OF HAZARD CLASSIFICATION None
! TRANSPORTATION | SHIPPING NAME None . .
: ’ CAS ¥ 25322.58-3 CAS MAME  Poly{oxy-1,2 ethanudlyi) whydroew. hyd?oxy-
; {.4"" i | adabt e iad r—,-nmruﬂﬂ;*ﬂﬂum‘iﬁlﬂ FIYRF pspmrey ¥ nv\v‘*\“q—q’v -—ﬁ-r, N - \quq . ,'-E'-l_-,'h'\f.-ﬂ:
* AN SO SN s ” F“IYSl }‘L ,)ATA i 00t ot Al i A i 'y by, % 4 b v g b S A 1 Wi sl W
! MELTING POINT *"°ct149+3e F)

.
' | DENSITY

1,21 £ 0,03 glem? {1210 £ 30 kg/m?) at 25 °C

 PER GENT VOLATILES
| BY VOLUME

Less than 1.0% by wt.

' APPEARANCE AND. ODOR

L
’

Liladl B

il INGREDIE :NTS

Whlte powder, ammoniacal udor

T Y

Ty gt A g T A A T T

Ltani ]

e e B Lt L i it T 0 B SR Y PN R P FPPRr e, | Ad im0,
i MATEFIAL %a TLV (Units) HAZARD
. |r Polyethylene Oxilz 97+ | Not established None currently known
| C} , Amdrbhous Silicon dioxide < 2.0 1 9 ma/m3 Total Dust
! 3 mg/m3 Respirabie Dust
t Calcium Gxide _( 101 2 mui'lrr’ _ .

Bttt s ibosi” Yo G i .u._.n..ulm. (Y

' AUTOIGMITION
: TEMPERATURE

‘W"HW Wf-n—r}lqwnt-wnmm—w —

e V. FIRE AND E)x;'?i,@&l_""i H%..ARD D-r.TA

536 °F, ASTM D 1929

3 1 A P G ST ] e Y e ) -v-—m #YMI .

1

EXTINGUISHING
MEDIA

Use watey spray (fog), carbon diexide, dry chemical, regular, alcohol, or univarsei-tvne
foams applied by manufacturer's recommended techniques,

|-..-...n.§"m VISwn i .AA'—-....-M -

-}
|

! SPECIAL FIRE FIGHTING

Do not use a solid stream &f water, it may scatter molten material and spread s ire,

| PROCEDURES Use self-contained breathing epsaratus, and protective clothing,
|
g;gfg&é:lﬂmﬁoos Avoid dié;gers_ion of dust I air to raduce potential explosion hazard,
v
oo T L EMERGENCY PHONE FTUMBER e

_ 304/744.3487
This number s svallable days, nights, weekends, and holidays.

4 Ly :
....mn“n‘.....a...:...m hmumﬂ AR S & b u.-rkawmbm

whila Unlon Carbide Corporation bef'aven that tha dala cantained Hierein ace fastual and the opihions axprassed are thuse of quallliad axperts ragarding the tassls 01 ne fests
conducted, the dalnaie nol to be laken as awarranly of reprageIaton 16 wiicli Union Cathide Corporetion assunies legal rosponsibility, They are offered solaly for yeurcansideratisn, [
Investigation, and varificatian, Any use of Ihesa cata andin iarmatiar musl te d3tarmingd by the user (0 S0in aseerdancy with !pnllcuble Federal, Stote, ang lccal 1ve and regulaiiona,

UNION CARBIDE CORPORATI()N » SPECIALTY CHEMICALS AND PLASTICS DIVISION

OLD F‘lDbEBUF" F‘OA DANBUHY C'; 0b817
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ORIGINAL PASE 1S
OF POOR QUALITY

SECTION V - HEALTH HAZARD DATA '

THRESHOLD LIMIT VALUE

EFFECTS OF QVERCXFOGU AE

—

o PRO LS =Y ' :
EMERGENGY APP FIRRA12803E P HE patient would require oxygen to counteract the

—

oxyger scdvenging properties.

SECTION VI - REACTIVITY DATA

CONDITIONS 70 AVOID

STABILITY UNSTADLR

SiABLE N.A.

INCOMPATABILITY fMateniais o areid)

HAZARVOUS DECOMMLEITION PRODUCTS
solution neutral or slightly alkaline without risk

wh-con _be_utilized to neutralize acidic reg ".dl.m_ﬂﬂd.tﬂ..l‘.@.[‘.d.@l”___.._

CONDITIONS 79 AVGID
HAZARDGUS MAY DCCUR e

POLYMERIZATION
VILL NOT OCCUR N. A

SECTION VII - SPILL OR LEAK PROCEDURES

STERS TO 8 TAKEN I Ca‘\SE MATERIAL IS RELEASED OR SFiLLED
swWeep or wive wich water

WASTE QISPOSAL METAHCD
Selutions acceptable in most s3i:wage systems except where sewage is usnd

in citrus fruit crchards

SECTION VIl - SPECIAL PROTECTION INFORMATION

RESFIRATORY PROTEC 11073 [Lpeci[y 1ype)

CSAL EXHAUS SPECIAL,
VENTILATION (Svetals and solutions in water do not PIOGUCE  Vapors

MECHANICAL (Getteral] OTHER
PROTECTIVE GLOVER ' EVE PROTEGTION '
Not essentiali Not essential

OTHER PROTECTIVE, fiL U.FMENT
ot essential

SECTION IX - SPECIAL PRECAUTICNS

PRECAUTIONS TO HE ‘r LKEN 1IN MANDLING AND STORING
Store away fiom : strong acids

iy

OTHER PRECAUTIONS

GPO 234000
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ORIGINAL PABE 15
OF POOR QUALITY

74§ P U P S T S et T g S e e g ey e enantassa ke gl
Ln.-a'_..‘ b andh s n-ln.—,u.‘ hlnl&\i—du-o-ﬁ-h'--nn- T by, .d.-vn« }i EALT}'l HAmr1D } - !’nq Y T T P i o o VIR PP PRTry '
TLY AND SOURCE; Naone astablishad by ACGIH or OSHA,

ACUTE EFFECTS OF OVEREXPGSIURE

| SWALLOWING None currently Knows, !ay ceuse some nausea,
J SKIN ABSORPTION None currently known,
2 IﬁHALATION None currently known,
SK'N CONTA&T None currently known, |
1
| EYZ CONTART None currantly known, i
| | gumone exeecrs None currntly known,
OTHER HEALTH . This product may cantributs to puisance dusts and possibly
HAZARDS respirable dusts, Avold breathing dusts,

EMERGENCY AND FIRST AID PROCEDURES:

o ; !

SWALLOWING No harmful effects expoctad,

SKIN Wash with soap and water,

INHALATION No emergency ¢are éntlnipatnd. )
EYES _ Fiush with »;Jater.

NCTES TO PHYSICIAN

Toxicology studies have shown the material to be »f very low acute
toxicity and nonirritant, There Is no spucific annoote, Treatment
of gverexposure should be directed at the gontrol of symptoms and
the clinical condition,
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STABILITY . F
UNSTABLE STABLE CONDITIONS | yone
i T0 AVOID .
- v :
INCOMPATIBILITY None

(materials 10 aveid) |

géégg%%%?#gﬁggggﬁ’g@n Combustion may lead to formation of carbon manoxide and/or carbon dlox|de,

WO AP o ety s s L LI

HAZARDCUS  POLYMERIZATION
May Oceur Will not Occur CONDITIONS Nane

- " N, TO AVOID
.!)-l--i--o.‘. ﬁo.u.‘)' whan -l 1 | L Vl' SP'LL OR LtAK PRQ&E‘DP!?ED o-ﬁllh—dl‘d‘-‘l&'ﬁ-‘lﬂ“i —hh-’—urm o .

STERS TO 8 TAKEN ;

IF MATERIAL |S RELEASED Collect for disposal, For cleanup, see Sacthon iX, |

OR SPILLED ,

e N Bury in a landfill where pt »mitted under appropringg
- WASTE DISPUSAL METHOD Federal, State, and local rgulations,
" L R L R Y T R T A P “ - --: T ARSPT R ek TS [ P P g 8 P00 a4 haar W
El ¥t n- r A sases :. e WhEL Swli. y'!!L‘SPECIAL pHOTE[JT!ON Ih’ FO.— H‘F'F‘I]>Q§~hlﬂhmh URETY F NI TP A LY SAreey =r Y oo #
C
HES PIH?;;ZYWPSSB'I;ECTION Dust respirator in dusty conditions.
Spacial, lucal ventilatisn iz recommended In areas where contalners
\{ENT'L‘*\TIUN are opened and discharged, 1o minimize dusting,
PROTECTIVE GLOVES Plastic j, FnorEcTIon | Safety glasses

OTHER PROTECTIVE
"OU!PMFNT

t:‘ N AR ST AL 2 o] Sy o

Eye bath and/or safety shower

"X, SPECIAL PRECAUTIONS ™

tu (R Py WS NPT T VP S .--t-a-q- St sl Skl

,PRECAUTIONS TO BE TAKEN IN HANDLING AND STOHING

B L A e L e T I T R L ]

Pt b1 b o -....i«w-dd-h-l—-il g LU TSTY T

Avold breathing dust,
Avnid spills, ‘
Use sweaping compound for cleanup, not wate:,

FOR INDUSTRY USE ONLY

OTHER PAECAUTIONS

Spilied POLYOX® should be removed promptly; floots can cecoms slippery,
espacialy when wet, In case of spills, use swaeping compound Tar cieanuap,
Apoly laundry bleach to spill area, Allow to stand ten minures ard fush
thoroughly with water. Repeat if*necessary,

F-45924C

10/82-3M © Prirted in US.A, 'N’
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APPENDIX 4
ESTIMATES OF PRODUCTION COSTS

The following cost estimates are based on end-use quantities
in 55 gallon increments. Due to the relatively small amount
of material required for addition to 55 gallons of water to
constitute agent simulants, the cost differential between a
single 55 gallon unit lot and 100 units of 55 gallons each is
quite small (2%) for the these simulants., The comparitive
savings for the Supertropical Bleach Simulant are about 33%
($.20 against $.12) when going to 100 units of 55 gallons
each, :

The costs presented here are based only on the <cost of
material from quotes obtained from Myriad Industries, Chem~
ical Division and Atlas Chemical Company. They are indicative

of prices in affect at the time of writing and do not include

the cost of labor, containers, labelling, or perfluorocarbon
tracer material. The additional costs to which these items
contribute will be discussed at the end of this Appendix.

SIMULANT COMPONENT COST/GALLON
BLISTER Citric Acid .18
Polyox .08
Sodium Alginate .24
PEG 200 1.35
Garlic Extract .20
FD&C Yellow .02
Total per gallon 2.12
NERVE Sodium Carbonate .03
FERNOX .03
POLYOX .19
Sodium Alginate .20
PEG 300/400 1.40
Total per gallon 1.88
' STB Calcium Carbonate .01
Spray Milk Pwd. .20

Total per gallon .21

Tracer Technologies believes that the cost of manufacturing
and the cost of containers would add approximately $2.00 per
gallon the cost in single lot 55 gallon quantities.,

In view of the current art in compact and portable instrumen-
tation for measurement of the perfluorocarbon tracer and the
economics of small quantity purchase, addition of tracer
would raise the cost of the agent simulants by approximately
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$3.00 per gallon., Pending developments in instrumentation and
the incressed bulk production of new perfluorocarbons for use
as physiological oxygen carriers should reduce this addi-
tional cost by a factor of 100.

An extremely important factor in the total cost analysis is
the cost of polyethylene glycol, Tracer Technologies believes
that the amount of PEG in the PCASS be 'significantly reduced
to allow 8 hour evaporation under environmental conditions
which are more likely to be encountered than those specified
as acceptance criteria in this contract. We believe that such
a reduction in the amount of polyethylene glycol would cause
the cost for the nerve and blister agent simulants to de-
crease to under $1.00 per gallon for the majority of treining
locations,

PAGE A .18




APPENDIX 5
MODEL HD-2P HALOCARBON MONITOR
THEORY AND OPERATION
The Tracer Technologies Model HD-2P Halocarbon Monitor is a
portable dinstrument capable of measuring halocarbons in the
parts-per-million concentration range, Its operation 1is
simple and straightforward,

THEORY OF OPERATION

The monitor is based on the electron capture detector which
exhibits a high sensitivity to highly electron absorbing
compounds such as the perfluorocarbons and halocarbons in
general,

The instrument operates in a continuous sampling mode rather
than in a discrete sample mode as would a gas chromatograph.
A flow of nitrogen is continuously applied to the detector,
A source of ionizing radiation (300 mCi tritium source) in
the detector produces thermal electrons and the resultant
quiescent current is processed, amplified, and fed to a
display. Electrophilic substances introduced into the nitro-
gen flow decrease the population of electrons and the resul-
tant change in current is indicative of the concentration of
electrophilic molecules in the detection chamber.

Directly sampling ambient air would introduce a high roncen-
tration of oxygeén (to which the instrument also responds) and
gsaturate the detector. To obviate this, some means of sample
enrichment and oxygen elimination must be employed.

Several methods are available for accomplishing the removal
of oxygen, In the HD-2P, the nitreogen carrier gas is sepa-
rated from the sampled ambient air by a silicon elastomeric
membrane. This membrane more readily diffuses halocarbons
than oxygen. The result is an enrichment of the sampled air
and a significant decrease in the amount of oxygen entering
the carrier stream. Although some oxygen does <c¢ross the

_membrane and desinsitize the instrument to a 'greater degree

than 4in instrument specificaly designed for detection of
perfluorocarbons, the simplicity and portability of the halo-
carbon detector were the major factors in choosing its use in
this study.’

PAGE A 19
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SETUP AND POWER UP

The HD-2P requires a source of nitrogen gas. This gas should
be prepurified grade or better, Connection is made to the
rear of the unit using 1/8. inch tubing and Swagelok con-
nector, Delivery pressure should be set to 5 psig.

After nitrogen flow has been established, allow the dnstru-
ment to purge for 30 minutes i1f maintinence flow has not been
maintained. While the instrument is purging, attach the sam-
pling probe to the rear panel inlet fitting marked INLET,
Connect the meter to the BNC fitting marked METER. DO NOT use
the connector marked OUTPUT.

After the dnstrument is purged, turn COARSE and FINE ZERO
controls fully counterclockwise., Place the MODE switch in the
ON position and adjust the ZERO controls for on-scale meter
reading.

The instrument i1s now ready for use,

OPERATION

Operation is quite simple. Once running, it is only necessary
to place the sample probe over the material to be tested. The
instrument will respond in approximately 5 seconds.

Should the probe become contaminated, simply wash it off with
water or isopropanol, CAUTION: DO NOT ALLOW LIQUID MATERIAL
TO ENTER THE INSTRUMENT INLET.

This instrument responds to halocgcrbons in general and it is
possible that some interferences may be seen on occasion, If
interference 1s suspected, move the instrument to a cleaner
environment or sample outside or purified air as a check on
performance. The instrument will still operate with a minor
contaminating background but its useful sensitivity will be
reduced.

BATTERY CHARGING

The internal batteries are capable of powering the instrument
for a minimum of 24 hours. It is, however, advisable to
recharge tlhe batteries after each 12 \ours of use. To re-
charge, place the MODE switch in the OFF/CHG position and
- plug the charger cable into the CHARGE jack .on the back
panel.

STORAGE, CARE, AND MAINTINENCE

To minimize ©purge time when the instrument will be used
periodically  over several days, it is recommended that  a
purge flow be maintained when the instrument is rot in use.
.Sufficient £flow 15 maintained by backing the nitrogen regu-
lator off until the delivery gauge is just off the zero pin.

'Routine care is minimal and consists of keeping the batteries
charged - and prevenZzing foreign material from entering the
inlet probe, :
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MAINTINENCE

This dinstrument utilizes an electron capture detector which
contalins a 300 mCi titepium tritide foil source, Under no
circumstances should this instrument be opened, modified,
disassembled, or repalred except by TRACER TECHNOLOGIES, This
restriction is a provision of the loan agreement set forth in
this contract,

Should service or repair become ' necessary, contact TRACER
TECHNOLOGIES at once at (619)480-8988,
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APPENDIX 6
DISCUSSION OF INSTRUMENTATION TECHNOLOGY

The wuse of a taggent in the simulant provides an additional
method by which to detect the presence of the simulant, This
opens the possibility of using equipment that simulates the
current and future technology in agent sensors and inte-
grating this into the training system, Tracer Technologies
believes that one of the most useful taggents that could be
used are the perfluorechemicals, The materials are highly
detectable using electron capture detectors and yet they are
not so industrially prevelent that large backgrounds exist.
The background level for thgse materials is well below a part
per trillion ( 1 part in 10°%), The purpose of this section
is to evaluate the levels of perfluorochemical required for
tagging of the simulant and the instrumentation required to
measure that taggent.

Two types of instruments have been developed and are cur-
rently used by Tracer Technologies. The first is & con-
tinuous perfluorochemical analizer that will only respond to
the perfluorochemicals. Other halocarbon compounds to which
the electron capture detector responds are eliminated by the
use of a catalytic reactor. This instrument is portable but
requires significant power and also requires a supply of
nitrogen and hydrogen, It is capable of measuring concentra-
tions in the rage of 10 to 1000 parts per trillion.

The second dinstrument uses a semi-permeable membrane and
allows only small amounts of the sampled air to be introduced
to a nitrogen stream, This instrument is the prototype
instrument delivered to JPL for use in evaluating the PCASS.
This dinstrument responds in the concentration range from 0,1
to 100 parts per million. The instrument is lightwedight and
can be used in a field situation, Further development could
reduce the instrument size to approximately 507 of its cur-
rent volume. -

Given this description of the current technology, i1t 1is
possible to evaluate the requirements for an fdeal instrument
for the purposes of measuring the taggent material, If we
assume that we arv considering a 5 mm drop that has a hemi-
- spherical shape and has the density of water then the drop
will weigh 0.327 grams. We also will assume that the drop
lasts 8 hours and that the vaporization rate of the drop is a
constant 6.8E-5 g/min. If we now load the simulant with a
perfluorochemical at 1%Z by weight and the vaporization rate
of the perfluorochemical is the same as the drop, then a
perfluorochemical vaporization rate of 6.8E~7 g/min results.
‘The instrument samples at the rate of 30 ml per minute and
assuming that all of the vaporization is contained in a 30 ml
sample of pure air will result in a concentration of 1.8E-6
moles of taggent per mole of sample, Thus the instrument
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will see approximately 2 parts per million. Similarly, 1f the
loading 1is raduced to 0.1% then the dinstrument would see
approximately 0.2 ppm.

The ©background level of potential interfering halocarbons 1is
approximately 1,0E-10. Therefore Lf we operate in the range
of 1.0E~9 (1 PPB) to 1.0E-6 (1 PPM) we will be above the
background and yet within the range of reasonable amounts of
taggent in the simulant material. Instrumentation currently
exists that will detect the perfluorochemicals in concentra-
tions well below the desired range, it is reasonable to
expect that an instrument could be developed that would work
in the desireable range and yet would be sufficiently port-
able to satisfy the training requirements.

Several questions arise about the overall concept of using a
perfluorochemical taggent and should be answered. The cur-
rent dinstrument requires the utilization of a nitrogen gas
supply. Is 4t possible to develop an instrument without
utilization of the nitrogen purge? In concept it is possible
to develop a catalytic oxygen removal system that could
provide the nitrogen supply without having a cylinder, Tra-
cer Technologies believes that an instrument 30%Z of the size
of the prototype instrument could be developed. The second
area of interest is in the possibility of tagging different
simulants with different taggents and then being able to
detect which simulated agenk is being  used. This would
require the development of a technique for seperating the
taggents being utilized. It appears to us that there are two
possibilities for doing this. One is that the new lighweight
army agent detector which uses the dion mobility detector
could be modified to respond the the taggents, This .is
technically Yeasible and could result in training wutilizing
the same inscrument that is utilized in the real situation,
The second possibility is that the Army is developing ultra-
small chromatographic systems that might be wutilized for
detection of the perfluorocarbons.

The conduct of this study which developed a low cost water
based simulant for use in troop training has convinced us
that a perfluorochemical tracer is a feasible taggent for use
with any simulant material. A significant amount of develop~
ment work on instrumentation and testing would be required to
make the system into a routine field tralning system, but the
positive advantages of having a taggent system can make this
'a positive method to improve the traiiing system.
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