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DESIGN AND TESTING OF CHEMICAL/BIOLOGICAL
PROTECTIVE GARMENT SYSTEM—GENERATION 4

1. Introduction

The Garment Team (GT) of the Philadelphia University Laboratory for Engineered Human
Protection (LEHP) develops prototype chemically protective ensembles designed to protect
Warfighters against battlefield toxic chemical agents. This report describes the iterative design
process and materials used by the GT, summarizes the construction and test methods and the test
results for 11 ensemble components, and presents conclusions drawn from the results. The work
described was performed between January 2008 and August 2009 under Department of Defense
University Research Initiative Grants (numbers W911QY-04-1-0001 and W911QY-09-1-0001)
administered by the U.S. Army Natick Soldier Research Development and Engineering Center
(NSRDEC), in support of the Warrior Systems Technologies Program.

The overall objectives of this effort included:

e Develop modular (adaptive) design garments to address a variety of missions and
challenges from a common design platform.

e Develop coverall and two-piece style garments using the spiral development
methodology.

e Optimize garment design for fit, functionality, ease-of-movement, performance, and cost.

e Improve ease of donning and doffing of both uncontaminated and contaminated
garments.

e Investigate the performance of various activated carbon undergarment and liner
configurations with outer shell components.

e Investigate various supplier-developed fabrics to include breathable and selectively
permeable material (SPM) fabric systems.

e Take advantage of testing facilities’ expertise outside of the University.

e Use human factors and motion routine test results as an integral part of the design and
development process to include biophysical and ergonomic comfort, ease of movement,
range of motion, and garment durability, especially at seams and junctures.

The audience for this report is NSRDEC, Navy Clothing and Textile Research Facility
(NCTRF), and Joint Project Manager-Individual Protection (JPM-IP), and other Department of
Defense units they might designate.

This report, along with the garment patterns that will be supplied to NSRDEC in the future,
provides sufficient information for a knowledgeable reader to duplicate the methods and
garments created by means of the GT’s spiral design process at LEHP.



2. Garment Design and Materials

2.1 Generation 4 Prototype

Initially, the GT reviewed the existing two-piece Joint Service Lightweight Integrated Suit
Technology (JSLIST) garment, as well as other military-issued chemically protective ensembles,
and participated in discussions with scientists at the NCTRF and NSRDEC. The GT also visited
a variety of fabricators of protective materials and reviewed available closure systems making
use of zippers, stretch cords, gripper tape, hook-and-loop fastener tape, and other novel closures.

Design of the Generation 4 prototype garment was a culmination of lessons learned from the
three prior prototypes designed and evaluated by the GT, and communicated in Technical Report
PHILA-LEHP-GT-TR-08-02, Design and Testing of Chemical/Biological Protective Coverall
System, Generations 1-3. New features of the Generation 4 prototype include: interior waist
belt, shoulder retention strap, and knee-pad straps. The entire hood/mask area, including the
wire brim and canister loops corresponding to the Joint Service General Purpose Mask (JSGPM),
was significantly reworked from the Generation 3 garment.

Figure 1 shows the timeline for Generation 4 and for events that influenced its development, as
well as overlapping events from Generations 3 and 5. Figures 2 and 3 show the Generation 4
design.

! During development of the Generation 4 fixed-hood coverall prototype, the GT investigated design and
construction of a two-piece fixed-hood Generation 5 ensemble. The Generation 5 two-piece fixed-hood ensemble
will be described in a later report.
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A-Outdoor Retailer Winter Market - January 22-25,2008

B- Meeting with JSGPM at Edgewood - February 22,2008

C- Meeting with NSRDEC consultant - March 11,2008

D- Human Factors at PhilaU on Generation 3- March 12,2008

E- Design Meeting with NSRDEC at PhilaU - April 10-11, 2008

F- JPEO-CBD (Joint Program Executive Office- Chem Bio Defense)
meeting in Washington DC - May 20, 2008

G- Meeting with Chemical/Biological Incident Response Force
at Indian Head, Maryland - July 17,2008

H- Design Meeting with JPM-IP and NSRDEC- July 24, 2008

I- Outdoor Retailer Summer Market- August 7-8, 2008

J- Chemical/Biological Protective Clothing Forum - September 9, 2008

K- Human Factors at PhilaU on Generation 4 - October 15,2008

L- Human Factors at PhilaU on Generation 4 - October 27,2008

M- Human Factors at NSRDEC- November 2008

N- Design Review Meetings at NSRDEC - December 12,2008

O- Outdoor Retailer Winter Market - January 23-24,2009

P- Visit to JPM-IP at Stafford, VA - February 5,2009

Q- Human Factors at PhilaU on Generation 4 - February 11,2009

R- Human Factors at PhilaU on Generation 4 - February 23, 2009

S- Human Factors at PhilaU on Generation 4 - March 25,2009

T- JPEO-Chemical and Biological Defense Advanced Planning Briefing - May 7, 2009

U- Design Review with NSRDEC at PhilaU - May 15,2009

V- Human Factors at PhilalU on Generation 4 - May 27,2009

W-Human Factors at PhilaU on Generation 4 - June 3,2009

X- Human Factors at PhilaU on Generation 4 - June 11,2009

Y- Joint CBRN (Chemical/Biological Radiological and Nuclear)
Conference at Ft. Leonard Wood - June 23-25, 2009

Z- Human Factors at PhilaU on Generation 4 - July 8,2009

AA- Human Factors at PhilaU on Generation 4 - July 16,2009

BB- FAST at Research Triangle Institute - July 21-22,2009

CC- Contaminated Doffing at Hazmat Sciences - August 4-5, 2009

DD- NSRDEC Annual Review at PhilaU - August 12-23,2009

Figure 1. Timeline for Generations 4 through 5 of GT-Designed Protective Garments.
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Figure 2. Generation 4 Flat Sketch—Front.

2 With the exception of photographs from testing reports compiled by outside agencies, all illustrations in this report
were created by Kristen Hultzapple and John Venafro of LEHP.
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2.2 Design Process

The GT is challenged with evaluating through research procedures how component parts are
integrated within the garment system design. The GT researches, in conjunction with the
Materials Evaluation Laboratory (MEL), then selects and evaluates various shell, carbon, and
membrane materials; closures, including zippers, ties, cording, and VELCRO® brand hook-and-
loop fastener tape; and other components that might be used in the construction of the garment.
This process, therefore, includes the use of manufacturing techniques and innovative
ergonomically correct garment design.® The process is ongoing, iterative, and spiral in
development as the garment design progresses.

When the LEHP project began, the military was issuing the JSLIST ensemble. The JSLIST is a
permeable, two-piece garment system that relies on a permanent carbon layer sewn together with
a durable outer shell fabric. In response to the University Research Initiative grant the GT, in
collaboration with NSRDEC and NCTREF, has created four prototype garment styles. For
information on Generations 1 through 3, see PHILA-LEHP-GT-TR-08-02, Design and Testing of
Chemical/Biological Protective Coverall System, Generations 1-3.

The Generation 4 coverall was designed to be donned either over the duty uniform including
combat boots or to be worn directly over undergarments (without a duty uniform). The garment
was designed taking into consideration interfaces at the hood/mask, wrists, and ankles. The
design maintained the need for field relief and the ability of the garment to be donned
individually or with a partner, and also considered the doffing process after the garment had been
contaminated.

Major considerations initially were maximizing life expectancy of the garment, the possibility of
reducing garment cost, and reducing the burden of disposing of spent garments. For example,
the JSLIST has a life expectancy of 45 days once it has been removed from the protective
vacuum-sealed packaging and exposed to the air. The design of the LEHP one-piece coverall
uses separate carbon undergarments so that they could be discarded at the end of their life cycle
and replaced while the existing one-piece coverall shell could be kept and reused.

% The LEHP GT works with Ricochet Manufacturing, Inc. in Philadelphia, combining both groups’ experience in
garment design and taking advantage of Ricochet’s expertise in manufacturing civilian emergency rescue barrier
protective first-responder garments.



3. Methods and Test Results

Generation 4 garment systems were evaluated with fluorescent aerosol screening testing (FAST),
and with LEHP and NSRDEC human factors studies. Generation 4 was evaluated at the Hazmat
Sciences’ Contaminated Doffing facility as well.

Obtaining testing data is very important to the spiral development process of the LEHP
garments. Various in-house and off-location facilities provide invaluable feedback on the
comfort and protection of the garments. The Generation 4 ensemble was evaluated as
summarized below.

Human Factors (external)—This test was completed at NSRDEC by Dr. Karla Allan. It
included donning the garment in various MOPP levels, while performing a preselected
motion routine. Participants may wear ancillary equipment such as: helmets, backpacks,
body armor or tactical vests. This evaluation is important to the GT because it provides
an outside evaluation of the garment using soldiers who have been trained to use the
JSLIST and can provide appropriate feedback and comparisons. Selected results are
presented in the body of this report. The complete test report is in Appendix A.

Human Factors (internal)—This series of tests was performed at Philadelphia University
in conjunction with the Biophysics Team. The motion routine used was based on that
done at NSRDEC. Once the selected number of trials had been completed the Biophysics
team analyzed the data for scientific validity. Results from one generation can then be
compared to another generation prototype. Selected results are presented in the body of
this report. More information about the Human Factors evaluations conducted at LEHP is
in Appendix B.

Fluorescent Aerosol Screening Test (FAST)—This test was performed at Research
Triangle Institute (RTI) in Research Triangle Park, NC. In MOPP 4 the test participant
entered a large chamber where he then performed a series of motions totaling about one-
half hour. A large fan blew fluorescent fingerprint powder onto the test participant
during the duration of the test. The garment was doffed and then the test participant’s
body was assessed using a black light. This test provided valuable data about where
contaminate can penetrate the garments and reach the body through breaches at the
interfaces. Selected results are presented in the body of this report. See Appendix C for
LEHP testing notes for FAST and Appendix D for FAST results.

Contaminated Doffing (CD)—This test took place at Hazmat Sciences in Santa Fe, NM.
Hazmat Sciences is now a part of Northern New Mexico College. This test assessed the
ease of doffing a contaminated garment without contaminating the wearer. During this

evaluation the test participant was covered in a fluorescent fingerprint powder and then

taken through a decontamination line. Once the garment was completely doffed a black
light was used to show any “contaminant” that had been transferred onto the body. The
process could also be stopped at any point, and a black light used to examine specific



steps. Selected results are presented in the body of this report. The complete test report is
in Appendix E. Testing notes are in Appendix F, and the doffing script is in Appendix G.

This chapter discusses the construction and evaluation methods, and the results of the evaluations
for the 10 components of the Generation 4 protective garments, plus the issue of costing. The
garment components described are listed below.

(1) Fabric

(2) Dual-Layer System

(3) Hood/Mask Interface

(4) Articulated Knee and the Knee Pad Pocket

(5) Articulated Sleeve and Elbow Reinforcement

(6) Waist Belt and Torso

(7) Asymmetric Front Zipper and Left-Sleeve Doffing Zipper
(8) Field-Relief Zipper

(9) Closures

(10) Shoulder Stabilizer Strap and Hood Retention Flap

3.1 Fabric

The GT strives to improve Warfighter comfort when situations require use of chemical
protective garments in the various Mission Oriented Protective Posture (MOPP) levels. A
common issue with protective clothing is that it is often stiff, bulky, and uncomfortable. Fabrics
have generally had low breathability in an attempt provide the most protection. Throughout the
generations an effort was made by the GT to optimize comfort and protection. In Generation 4 a
permeable system was used, instead of the SPM system of the Generation 3 garment. This use of
a permeable system allowed the GT to return to traditional sewing without seam sealing because
the permeable outer shell is reinforced with a full carbon under suit. Fabric 53H was used in all
Generation 2 and Generation 3 prototypes.* While working well for certain applications, some
test participants considered this fabric to be hot. The process of finding new materials began
again for the Generation 4 garment.

Fabric for Generation 4 was sourced from Tex-Shield, Stedfast USA (formerly Donaldson
Membranes), Purification Products, and Calgon Carbon.

* Fabric 53H is a tri-laminate composed of a microporous ePTFE membrane layered between a 100% polyester
woven shell fabric and a tricot knit liner made from polyester and carbon fibers.
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Tex-Shield

2300 M St. N.W.

Suite 800

Washington, DC 20037
Telephone 202-973-3858

Stedfast USA (formerly Donaldson Membranes)
85 Railroad Dr.

Ivyland, PA 18974

Telephone 215-364-2900

Purification Products

Reliance Works

Saltaire Road,

Shipley

West Yorkshire BD18 3HL, England
Telephone +44 (0) 1274 530155

Calgon Carbon Corporation
P.O. Box 717

Pittsburgh, PA 15230
Telephone: 412-787-6700

Three different types of shell fabrics were procured from two of the suppliers:

e anon-laminated nylon/cotton and a non-laminated Nomex™ from Tex-Shield

e two versions of a Cordura laminated with an aerosol membrane by Stedfast USA
Five different carbon-containing fabrics were supplied by Tex-Shield, Purification Products, and
Calgon (Zorflex®).

Table 1 lists fabrics that were considered by the GT for Generation 4. The weight of each fabric
was determined by the LEHP Materials Evaluation Team (MET). All other data were obtained
from the fabric manufacturers.



Table 1. Fabrics Considered by the GT for Generation 4.

Cloth Characteristics - Shell

Manu- Weight
LEHP i facturer Fabric Structure Tvbe | Fiber Blend Coloration | Functional (oz/g
Code | Supplier Style | Structure yp Method Treatment ar dq)'
Number y
330d Cordura | microporous
i 100% nylon 6,6 | .
85M Stedfast laminate ?:ieclrlowgrhous 0 y Jet dyed ePTFE, 5.00
USA ePTFIE 330 denier green durable water '
rembrane (Cordura) repellent finish
333? V(\iitirr]dura 100% nylon 6,6 microporous
- i . PTFE
Stedfast . microporous |30 denier jet dyed €
78C USA Job# 253 | laminate ePTFE (Cordura) . green membrane, 6.12
membrane and | Polyester tricot durable water
tricot backing knit backing repellent finish
Tex. Article universal durable water-
31B Shield 00003 woven non-FR multiple fibers |camouflage | and oil- 5.20
print repellent
Tex. Article durable water-
61U Shield 00001 woven n/a flame-resistant | dyed green | and oil- 5.30

repellent
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Table 1. Fabrics Considered by the GT for Generation 4 (continued).

Cloth Characteristics- Liner

Manu- Weight
LEHP . facturer Fabric - Coloration Functional
Code Supplier Style Structure Structure Type | Fiber Blend Method Treatment (O;ﬁg'
Number y
activated |
Calgon carbon knit 100% nylon
13B | Carbon FMS50K/ knit laminated both | knit activated nylon dyed N/A 5.20
D201 - black
(Zorflex) sides w/ nylon | carbon
knit
active carbon
Purifica- polyesterr | POVESEET bk
63A | tion PR6479/1B | knit o elastane o N/A 8.60
Products e astane_ 2-way b nit
stretch jersey | Caroon
knit material
spherical fiber
Tex- Article . carbon with I
40C Shield 00005 laminate multiple cqmblnatlon dyed green | N/A 5.84
. with carbon
fabrics
Tex- Article . spherical multiple fibers
54M Shield 00002 laminate carbon with carbon dyed black | N/A 6.74
spherical fiber
Tex- Article I carbon with o
96X Shield 00004 trilaminate multiple cqrr;]bmakt)lon dyed gray | N/A 11.42
fabrics with carbon
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3.1.1 Methods

All fabrics chosen for possible use in the Generation 4 garment (see Table 1) were tested by the
LEHP MET for seam strength using the JSLIST seam strength as a baseline. All fabrics met or
surpassed the seam strength in the corresponding shell or carbon layer except 13B, which was
subsequently removed from the running for this reason. A variety of seam structures were used
for this evaluation. For all fabrics the GT found that a flat felled seam provided the most
strength. For more information see Technical Report PHILA-LEHP-FR-09-02 Philadelphia
University—Laboratory for Engineered Human Protection Final Report—Volume 2 of 8:

Materials Evaluation Team.

In an attempt to cut down on the thermal burden on wearers posed by multiple layers of fabric
laminated together, two versions of Cordura were acquired from Stedfast USA to test the
viability of using an unprotected membrane system. One version (85M) featured a Cordura shell
with the microporous ePTFE membrane, unprotected, and the second version (78C) featured the
same structure with a tricot backer laminated onto the microporous ePTFE membrane to protect
its fragile structure. Plans were made to test fabric 85M in internal Human Factors evaluations
to assess how the well the membrane would hold up with real-world use. In the event that 85M
was not deemed useable, 78C would replace it for further garment development.

Also in an effort to reduce the thermal burden, Purification Products supplied a fabric (63A) with
unprotected carbon powder adhered to a stretch knit.

Tex-Shield supplied two non-membrane shells (31B and 61U) and three carbon bead laminated
fabrics (40C, 54M, and 96X). Two of the carbon fabrics, 40C and 54M, are non-stretch and
were used in the Generation 4 loose undergarment. The third carbon bead laminated fabric from
Tex-Shield, 96X, is a stretch fabric and was used in the Generation 3 and 4 fitted bodysuit
undergarment.

Because of limitations on fabric pairings another carbon fabric was sourced from Calgon Carbon
(13B) to be paired with shell fabric from Stedfast USA. Unfortunately this fabric did not meet
the MET’s seam strength standards and was removed from consideration due to durability
concerns.
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Table 2. Pairings of Shell and Carbon Materials Considered by the GT for Generation 4.

Pair Shell Carbon PhilaU HF NSF:'EEC FAST Conéz?giir’:gte‘j
1 318 96X
2 318 40C X
3 318 54M X
4 61U 54M X
5 85M 63A X
6 78C 63A X X X

Fabrics were paired according to use limitations. The first four pairings are Tex-Shield fabrics.
Because Tex-Shield guarantees their shell fabrics only when paired with Tex-Shield carbon
fabrics, their carbon and shell fabrics must be used together. Fabric 61U is an FR fabric and,
thus, could not be paired with any carbon fabric that would melt or drip, so 54M was the only
available alternative. As a nylon/cotton fabric 31B had no such restrictions but could be paired
only with corresponding Tex-Shield carbons. The 85M and 78C shells had no restrictions at all,
and thus were paired with 63A.

3.1.2 Results

After multiple Human Factors trials and various model fittings 85M was evaluated and deemed
unusable for LEHP’s Generation 4 garment. After having been worn for two human factors
evaluations and vetted by limited fittings for design presentations, garments constructed of 85M
showed significant membrane wear at key stress points such as the knees, elbows and center-
front chest area, along with many other areas on the body (see Figures 4, 5, and 6). Degradation
of the 85M membrane was also observed during production of the garment when sewing only
two layers of fabric together.

Test participants in the internal and NSRDEC Human Factors trials perceived no significant
difference while trying on garments constructed from 85M and 78C.
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Figure 4. Fabric 85M—Significant Wear at Center Front of Coverall.
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Figure 5. Fabric 85M—Wear at Elbows on Coverall.
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Figure 6. Fabric 85M—Wear at Knees on Coverall.

It was also observed after multiple Human Factors trials that the carbon liner fabric 63A showed
some degradation of the integrity of the attached carbon powder. Visible wear on the knees and
some seams caused concern, although it is unknown how this wear affects the performance of
this vital layer (see Figures 7, 8, 9, and 10). A possible solution might be as easy as reinforcing
key areas like the knees and elbows with another layer of the same fabric. This reinforcement
was not tested because it was unknown how the wear on the carbon actually affected the
protection. This fabric was judged by the soldiers in the NSRDEC Human Factors trial in
November 2008 (report issued March 30, 2009; see Appendix A) to be the more comfortable
carbon layer. “Between the two long underwear garments featured in this evaluation (63A and
96X), they [test participants] both preferred 63A, which they perceived as lighter weight and
therefore cooler.”
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Figure 7. Fabric 63A—Wear at Mid-Chest.
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Figure 8. Fabric 63A—Wear at Elbow.

18



Figure 9. Fabric 63A—Wear at Back in Area of Seat/Field-Relief Zipper.
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Figure 10. Fabric 63A—Wear at Knees.

Because the GT was not authorized to carry out penetration testing on the individual fabric pairs,
the GT was unclear regarding the level of protection that each fabric provided. The principal
purpose of the LEHP undertaking is to improve comfort. Therefore, when evaluating the data
that were collected on fabrics that were made available to LEHP, the GT focused on fabrics that
provided the most comfort.

Despite visible wear on 63A the GT chose to continue moving forward with this fabric because
its thermal resistance (Rct) and water vapor resistance (Ret) were much lower than most of the
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other carbon fabrics®. This fabric was also more breathable and received a very favorable
response during Human Factors trials, and the fabric was generally well regarded by the GT
researchers because of its light weight and perceived comfort. Further support for 63A came
from the regression analysis developed and analyzed by LEHP members Les Sztandera and Niny
Rao, respectively. The regression analysis is used to predict CALM scores for tactile comfort.®
Fabric 63A scored very favorably in this assessment; this score, combined with all the favorable
responses during Human Factors evaluation, caused 63A to become the front-runner for carbon
fabrics to be sent to FAST and Contaminated Doffing evaluations. Because of fabric
combination use restrictions, 78C was chosen to be paired with 63A for all future FAST,
Contaminated Doffing, and Human Factors evaluations of the Generation 4 garment.

3.2 Dual-Layer System

It was decided that the garment system in this prototype would be comprised of two parts: an
outer shell that could ultimately be worn as an alternate duty uniform, and a separate disposable
inner carbon liner. One issue with integrated carbon suits used by the military today is the
carbon’s shelf life. Once the carbon’s life expires, disposal of the entire suit is necessary,
resulting in much unnecessary waste and expense. In an effort to be more cost-effective and
conserve resources, LEHP created a garment that separates the disposable component from the
reusable portion, thus extending the lifetime of the entire ensemble.

In addition to cost and waste factors, it was discovered during Contaminated Doffing at Hazmat
Sciences during testing of the Generation 3 garment that in the cases where the test participant
wore the garment shell with a separate carbon bodysuit, the doffing was more successful: less
contaminant was found on the body after completion of the doffing procedure. In fact, in one
test, use of the separate carbon bodysuit rendered the subject’s body 100% free of contaminants
as determined by black-light inspection.

3.2.1 Methods

The Generation 4 prototype’s design allows the shell to be worn with two different liner styles.
A Warfighter does not always know the situation to be faced, so the GT provided two carbon suit
options to accommodate varying scenarios. Both carbon suit styles are compatible with the
Generation 4 shell.

One style, the fitted bodysuit (shown in Figure 11), is made from a knitted stretch carbon fabric.
This fitted bodysuit is a very comfortable option for situations in which the Warfighter knows he
will be entering a chemically contaminated environment, and he has the time to remove his duty
uniform before donning the carbon bodysuit and protective coverall shell. In this case, the
wearer is more comfortable for a longer period, because he is cooler without the additional
insulation provided by a duty uniform.

® For more information about fabrics mentioned in this report, see Technical Report PHILA-LEHP-ME-TR-08-02,
Consolidated Data on Fabric Construction.

® For information about the analysis process, see “Identification of the Most Significant Properties Influencing
Tactile Fabric Comfort Using Regression Analysis.” Les M. Sztandera. February 2009. WSEAS Transactions on

Computers. Issue 2, Volume 8. 302-311.
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Figure 11. Generation 4 Fitted Carbon Bodysuit.

The fitted carbon bodysuit features a raglan sleeve with a small underarm gusset for increased
flexibility and range of motion. The bodysuit contains a slightly asymmetric front zipper, and a
zipper stop shield to minimize abrasion and discomfort at the neck caused by the zipper tab. To
avoid “stacking” of the zipper tabs, the zipper on the fitted carbon bodysuit is positioned to
terminate at the left side of the neck, which is opposite to the zipper termination on the outer
shell. The fitted bodysuit also includes a two-way field-relief zipper; its placement corresponds
with the placement of the field-relief zipper in the outer shell.

In instances where the soldier has to quickly don protection during a chemical attack, a loose
carbon suit (shown in Figure 12) can be donned over the duty uniform and boots, and then
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covered by the shell, much like the JSLIST. This loosely fitting carbon suit is made from a
laminated non-stretch fabric that contains carbon beads. The loose carbon undergarment and the
shell worn over a duty uniform are expected to be less comfortable than the carbon bodysuit and
shell worn without a duty uniform because of the additional layers that could trap body heat.

The fabrics selected for the carbon suits were appropriate for the styles. A stretch fabric was
used for the fitted bodysuit; a non-stretch material was used for the loose bodysuit.

The stretch fabrics used were 63A and 96X. The non-stretch fabrics used were 54M and 40C.

Front Back

]

I

|

Figure 12. Generation 4 Loose Carbon Undergarment.
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3.2.2 Human Factors Results

During the NSRDEC Human Factors Evaluation it was noted that the loose carbon undergarment
fit the test participants well, both when it was worn over the Army Combat Uniform (ACU) and
when worn with only underwear. The only discomfort noted was a participant’s reporting that
once the Improved Outer Tactical Vest (IOTV) was donned, his neck felt more crowded by the
loose carbon suit than when he wore the tight bodysuit. This discomfort likely results because
three layers (ACU, loose carbon suit, and shell) are worn with this configuration, but only two
(carbon bodysuit and shell) with the other. Participants did not notice any difference in comfort
between the two fabrics used for the loose carbon suit: 54M and 40C.

The test participants rated the tight bodysuit as “especially comfortable” and preferred 63A over
96X because they thought 63A felt lighter, and, therefore, would be cooler in the long run. For
more details of this NSRDEC Human Factors evaluation, see Appendix A.

A total of 19 Human Factors trials were undertaken at Philadelphia University from October
2008 to July 2009 using the methodology described in Appendix B. In the early trials it was
noticed that the loose undergarment (worn with a t-shirt and shorts) was very tight across the
back and shoulders while the wearer extended his arms forward. This situation was remedied by
revising the back of the loose undergarment to include a pleat at the neck, much like a dress shirt.
Test participants also noted slight discomfort in the neck collar area on both the tight and loose
carbon bodysuits. The neck area was minimally redesigned on the carbon undergarments to
improve comfort. The loose carbon undergarment was revised very early in the Human Factors
trials, and the rest of the trials were performed using the revised version.

3.2.3 FAST Results

The fitted carbon bodysuit style constructed of fabric 63A was used for all three FASTs
performed at RTI. (See Appendix C for LEHP planning notes for FAST and Appendix D for
FAST results.) No significant difference in protection was found, regardless of whether the
carbon bodysuit leg cuffs were tucked into the combat boot or worn outside of the boot.

3.2.4 Contaminated Doffing Results

Undergarment fabric 63A was used for all three Contaminated Doffing trials. The test
participants preferred that the leg cuffs on the carbon layer be tucked into the combat boot.
Participants believed that tucking the carbon layer into the boot made doffing easier; the carbon
suit did not get stuck on the combat boot. As a result, clean doffing was more likely. For details
of the Contaminated Doffing trials, see Appendix E.

3.3 Hood/Mask Interface

The interface between the hood and the mask is a critical area for maintaining the protective seal,
this interface is also one of the most difficult areas in which to prevent penetration of
contaminants. Because of the concave shape of the JSGPM at the temple areas, the GT
attempted to seal the area with filled pouches, a wire hood brim, and elastic canister loops. In
the efforts to optimize this interface, the GT has implemented numerous design changes in the
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past four years. The GT had to provide optimal comfort while the wearers bent their necks, and
also provide full protection at this vital interface.

At this intersection, the shell garment’s attached hood covers the wearer’s head and fastens
around the mask. Therefore, the challenge areas are at the forehead and eye/temple where a
tightly closed seal is needed. Bellowing is also a concern at this area; this vacuum effect can
bring air and contaminants inside the garment. Secondarily, at this interface the hood/neck area
of the protective garment wraps around and closes under the chin, covering the front zipper.

3.3.1 Methods

The hood neck flaps were significantly scaled down in the Generation 4 prototype to increase
comfort and flexibility. The large neck flaps and stiff fabric featured in the Generation 3
garment created a “neck brace” effect that limited the wearer’s range of motion as he tried to
move his head. Because his head’s range of motion was limited, his field of vision was reduced.
The Generation 4 hood/mask interface is illustrated in Figure 13. The contrast between the
Generation 3 and Generation 4 neck flaps is shown in Figures 14 and 15.

Internal Removable

Wire Hood/Mask Carbon Cord

Stablizer Brim

Temple pouches

: Mask Canister Loops
(internal)

Elbow Reinforcement
Patch

Left Doffing
Sleeve Zipper

Figure 13. Generation 4 Hood/Mask Interface.
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Figure 14. Generation 3 Hood with Mask  Figure 15. Generation 4 Hood with Mask.

In Generation 4 much of the design effort was focused under the chin area to lessen bulk while
improving flexibility and fit. The neck of the suit was narrowed; the front neck/chin height was
raised and curved, the flaps were reshaped, and hook-and-loop fastener tape was narrowed and
positioned horizontally to provide more comfort for head movements and better field of vision
(see Figure 16).
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Figure 16. Generation 4 Interface under JSGPM.

The temple pouches were extended to provide protection while accommodating a greater range
of mask contours between the lens and canister area. The brim shape was extended to expand
protective coverage at the filter area. A removable carbon brim rope cord was added to the
center-front brim at the forehead area above the mask lens to create an additional layer of carbon
barrier protection and to prevent liquid contamination of the wearer during the decontamination
process. (Liquid contamination was experienced during the Generation 3 Contaminated Doffing
tests.)

The hood was designed with a construction seam over the crown (see Figure 17). In Generation
4 this seam was repositioned slightly in an effort to optimize fit and comfort. This seam runs
from the neck area up over the crown of the head to the neck area on the other side. This
modular feature allows additional options for mission-specific hood/mask interface
manufacturing. This seam provides unlimited opportunity for modularity in design development
and application of mask frames to address mission-specific requirements. The overall garment
style can remain consistent, and a variety of mask styles could be accommodated with minimal
disruption in uniform availability. A full uniform could be manufactured without the mask-
frame front panel, and orders could then be placed for suits with specific mask compatibility.
The manufacturer would benefit economically by producing large numbers of the uniforms
without the mask panel; sewing only one seam would fit the basic uniform to different masks.
Once the mask-frame panel is attached is it not easily removed and will not be compatible with
masks other than the one for which it was designed. This option has the potential for translation
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into cost savings because limited retooling for manufacturing would be required, and
management of equipment storage and procurement efficiency would be improved.

Hood/Mask
Seam

Figure 17. Generation 4 Hood/Mask Seam.

The shell garment is intended to be worn with a separate carbon hood to protect the wearer’s face
and head from contamination in areas not protected by the mask. An initial design was used
during Human Factors evaluation and the first two tests at FAST (see Figure 18). Knitted inserts
were used for the third test at FAST to try to cut down on simulant penetration at the temple area.
During Contaminated Doffing three different inserts were used; knit, neoprene (see Figure 19)
and filled pouches with an additional carbon cord around the opening (not pictured).
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Figure 18. Generation 4 Carbon Hood Flat Sketch.
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Photo A Photo B Photo C

Figure 19. Carbon Hood without Modifications (Photo A), with Knitted Insert Modification
(Photo B), and with Neoprene Modification (Photo C).

3.3.2 Human Factors Results

During Human Factors Evaluations at NSRDEC, the neck interface breach point that was
apparent in the Generation 3 garment under the neck flaps (beneath the chin) was rectified in the
Generation 4 garment by extending the center front neck length to reach right under the mask.
The addition of elastic on this edge under the chin and new placement of hook-and-loop tape
provided an interface in the Generation 4 garment without any place where the researcher at
NSRDEC could find a breach like that of the Generation 3 garment. With Generation 4 the test
participant still had difficulty closing the hood/mask interface without help of the researcher.
Making the closures simpler and more user-friendly was recommended. The researcher found it
difficult to achieve and maintain a smooth interface at the neck flaps. GT members have not
found achieving a smooth interface difficult—perhaps due to familiarity with the garment.
Participants in LEHP HF evaluations rated the closure at the front neck edge to be relatively
comfortable. (See Appendix B for more details of this and other LEHP HF Evaluation results.)

A snag hazard was brought to the attention of the GT during the NSRDEC Human Factors
evaluations; the canister loops protruded while the test subject was not wearing the hood (see
Figure 20).
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Figure 20. Canister Loop Protruding from Hood.

There was also concern that the wire brim would poke into the wearer’s neck when the hood was
not donned (see Figure 21). This seemed to pose more of a problem while the test participant
was wearing the 10TV, which compressed the neck area.

Figure 21. Wire Brim Poking Neck of Participant Wearing I0OTV.

During Human Factors evaluations at Philadelphia University participants’ evaluation of the
comfort and range of motion of the hood were generally positive. The mean rating for hood
comfort was on the comfortable end of the rating scale. However, it was often noted that there
was minor restriction in the neck and head area due to the garment’s shell. Participants
experienced slight restriction while attempting to turn the head side to side. Audible hook-and-
loop noise was also noticed while lifting the head up and down.

A few participants at Philadelphia University noted discomfort due to the wire brim’s poking
into their necks or ears while the hood was stowed. However, a direct correlation cannot be
made to the study done by NSRDEC because Philadelphia University does not have access to
the IOTV, which seemed to create the most discomfort for this area.

31



3.3.3 FAST Results

The July 2009 RTI FAST was very enlightening for the GT. Excerpts from the RTI report on this
testing are below. For more information about the report results, see Appendix D. The
photographs in this subsection are from that report.

The JSGPM was used in all the July 2009 FAST tests. The Test 1" hood and mask configuration
are shown in Figure 22.

P Wear hearing [,
| prpteclmn in protect your
B this area. lungs.

Wear respirator to

Figure 22. Generation 4 Test 1 Hood/Mask Interface.

Test 1: “There was a distinct, bright line of deposited aerosol near the right temple, possibly
indicating a localized breach of the hood-mask interface. The head and neck otherwise appeared
clean” [Figure 23].

This minor blow-through at the hood/mask interface was similar to that seen with the Generation
3 garment.

"In the RTI report, this test is identified as Test 1812,
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Figure 23. Generation 4 Hood/Mask Interface FAST Test 1 Results—Clean Head and Neck
Except for Deposits on Temple.
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Test 2:® “A small, yellow track mark was seen at both temples. The sides of the face and the ears
had a light blue haze of deposited aerosol. The “clean” areas under the mask harness straps were
clearly visible and are indicated here by the red arrows” [Figure 24].

Figure 24. Generation 4 Hood/Mask Interface FAST Test 2 Results—Light Deposits on Sides of
Face and Ears.

8 In the RTI report, this test is identified as Test 1813.
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Identical carbon hoods were used in the first two FAST tests. Before the third test small
semicircles of rib knit fabric were added at the temples of the carbon hood (see Figure 25) in an
attempt to eliminate the contaminant penetrating at the temple area. This addition seemed to
help limit the amount of contaminant present on the head, but haze was still present around the

ear area (see Figure 26).

Photo A Photo B

Figure 25. Carbon Hood without Modifications—Tests 1 and 2 (Photo A) and with Knitted Insert
Added for Test 3 (Photo B).

Test 3: “There was a light blue haze around the ears. The bright spot on the upper left forehead
due to the natural fluorescence of the test participant’s skin, as seen in the background photos”

[Figure 26].

% In the RTI report, this test is identified as Test 1814,
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Figure 26. Generation 4 Hood/Mask Interface FAST Test 3 Results—Only Light Haze around
Ears.

3.3.4 Contaminated Doffing Results

Small amounts of contaminant were found on the head area after going through the doffing
procedure. Most of the contaminant showed up on the head as blue smudges from the decon
water. In contrast to FAST, during Contaminated Doffing tests the participant is not subjected to
exposure of the contaminant for a great length of time, and does not make as many movements
while in the chamber, so the bellows effect is lessened. Therefore, significant contamination
onto the body was not expected. As can be seen in the report prepared by Hazmat Science
Applications (Appendix E), these expectations were justified. The blue decon solution present
on the forehead came from one of the assistants bumping his hand against the test participant’s
head during the doffing procedure. (See Appendix F for LEHP planning notes for Contaminated
Doffing evaluation and Appendix G for the procedure used during the evaluation.)
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3.4 Articulated Knee and the Knee-Pad Pocket

To provide freedom of movement and offer a better ergonomic design, articulated knees are part
of the design of the coverall (see Figure 27). The knee-pad pocket (attached to the outside of the
garment so that an extra layer of protection is provided by a removable neoprene knee pad; see
Figures 27 and 28) was modified from earlier designs. This integrated pocket reduces the gear
burden imposed on the soldier; carrying separate knee pads is not required.

3.4.1 Methods

The knee area was slightly redesigned for the Generation 4 garment to provide more articulation
in this area and to expand the range of motion. The knee-pad pocket was lengthened to
accommodate wearers of a wider range of heights, and the trouser was narrowed to reduce noise
from fabric rubbing while walking.

Knee Pad
Pocket (Bottom

) . Articulated Knee
Opening with \
Remaovable
Knee Pad)

Hook and Loop
Closure Tab

Figure 27. Generation 4 Articulated Knees.
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Figure 28. Generation 4 Knee and Knee-Pad Pocket.

Knee-pad straps were added to help control placement of the knee pad to provide additional
comfort and protection, as well as to help minimize the noise of fabric rubbing while the wearer
walks or runs. These straps also assist with positioning of the knee pad to assure maximum
range of motion in leg-
lifting movements. The
first knee-pad strap design
is shown in Figure 29.

Figure 29. Generation 4
First Knee-Pad Strap.

After the first knee-pad
strap was attached and
evaluated during internal
Human Factors, a new
system was devised to help
cinch the back of the knee
more evenly so fabric did
not bunch in any one area.
The straps were also
placed within inside channels to remove the snag hazard the straps posed while exposed.
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Figure 30. Generation 4 Final Knee-Pad Strap.

3.4.2 Human Factors Results

Redesign of the knee and knee-pad pocket from Generation 3 to Generation 4 was well received
during Human Factors at NSRDEC, but there was some concern that the knee pad was shifting
toward the inner knee when the test participant was not wearing an ACU underneath. This
feedback and the desire to cut down on any noise from rubbing fabric spawned the idea to add
built-in knee-pad straps. The garment was not sent back to NSRDEC for new evaluation of this
addition but was tested numerous times at Philadelphia University. The conclusion was that the
knee-pad straps helped to control the knee pad’s placement and reduced the bulk at the knees,
which minimized noise while walking or running.
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Photo A Photo B

Figure 31. Generation 4 Before (Photo A) and After (Photo B) Addition of Knee-Pad Straps.

3.5 Articulated Sleeve and Elbow Reinforcement

3.5.1 Methods

To enhance comfort while bending at the elbow, the GT reshaped the elbow, creating a more
ergonomic design. In Generation 4 the elbow area reinforcement (introduced in Generation 2 )
was extended to the shoulder for roll-over protection.

Elbow Reinforcement
Left Doffing

Velcro Closure Sleeve Zipper

Tab

Cuff to Waist Under
Arm Gusset Articulated

Elbow

Figure 32. Generation 4 Articulated Sleeve and Reinforcement of Elbow.

3.5.2 Human Factors Results

During NSRDEC Human Factors testing the elbow reinforcement patch was again found to be
satisfactory. While the subject is in the prone position, low crawl, or high crawl, the elbow
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reinforcement patch is positioned correctly on the body. This elbow reinforcement patch was
positioned well in Generation 3, so no changes were made in Generation 4.

3.6 Waist Belt and Torso

To accommodate a range of sizes and to prevent the crotch and knee of this roomy garment from
hanging too low, a rear waist cinch (made of shock cord) was used in Generations 2 and 3. The
cinch was positioned internally to reduce visible detection and eliminate snag risk.

However, the waist belt in these generations did not provide an adequate, comfortable method
for drawing in the waist. Between Generation 3 FAST tests, a wide elastic belt was inserted in
place of the shock cord.

3.6.1 Methods

Because of the favorable response to the wide elastic belt added during the third FAST
evaluation on the Generation 3 garment, the elastic belt system was basically unchanged for the
Generation 4 garment. The only enhancement was adding corresponding VELCRO patches on
the inside of the garment so the belt can be worn in a relaxed position.

The elastic adjustable (hook-and-loop) internal belt (see Figure 33) not only provides waist-
position control, but it also supports the garment in a partially doffed position that could be used
to reduce heat during lower threat/downtime.

Figure 33. Generation 4 Waist Belt.
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As a result of Philadelphia University Human Factors observations of Generation 3, in
Generation 4 the garment’s torso length was reduced by two inches to improve the wearer’s
walking, bending, and kneeling mobility. During all Human Factors evaluations, no discomfort
was reported from this shortening of the torso.

3.6.2 Human Factors Results

During March 2009 Human Factors evaluation at NSRDEC it was noted that, “Unlike prior HFE
evaluations of coverall style garments, no TP reported a baggy crotch, despite differences in [TP]
torso and leg lengths. Furthermore, the waist adjustment was easy to use and comfortable to
wear” (see Appendix A).

The waist belt helps to accommodate a wider range of sizes in the garment because the belt
allows the wearer to secure the garment at the appropriate place on his body, thus preventing a
low-hanging crotch and restriction of movement while bending the knees. (This problem had
been experienced in prior generations before the addition of a waist belt.)

Test participants during Philadelphia University Human Factors trials noted that although the
waist belt helped to keep the crotch and waist in the correct place, the belt was often pulled up
too high on the torso due to lifting the arms over the head. Readjusting the belt was necessary
after completing a task that required this motion. Because protective vests were not available to
Philadelphia University at this time, it is unknown if a vest worn over the garment would prevent
the belt from shifting upward during arm movement.

3.6.3 Contaminated Doffing Results

Test assistants suggested offsetting the hook-and-loop belt opening to the left to correspond
better with the asymmetric front zipper opening. The belt was shifted in the garment, and the
belt proved to be easier to open when it was closer to the front zipper opening.

3.7 Asymmetric Front Zipper and Left-Sleeve Doffing Zipper

The zipper opening in a protective garment plays a vital role in how successfully the wearer is
able to doff the garment when it is contaminated. Therefore, the GT tried to design an
innovative “peel off” system that would simplify the doffing procedure.

3.7.1 Methods

As with earlier generations, in Generation 4 an asymmetric front zipper was placed into the
garment; the zipper begins to the right of center front at the neck and ends at the left mid-thigh
(see Figure 2). The zipper is a water-resistant YKK coil zipper (YKK URETEK Part# CT40L-
86-DABL E 5/8) that is covered by an outer flap of the shell material with hook-and-loop
fastener tape closures.'?

10 The GT investigated waterproof and other water-resistant zippers from YKK and Riri, but concluded that the
water-resistant YKK zipper used for earlier generations was appropriate for this generation, which is a permeable

system and does not require a waterproof zipper. The zipper used in earlier generations proved to be satisfactory in
HF and other evaluations.
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A left-sleeve doffing zipper was used again; it begins at the left neck seam and continues down
the left sleeve, ending between the elbow and the wrist. Like the front zipper, this sleeve zipper
is also covered with a shell material flap and with hook-and-loop closures.

3.7.2 Human Factors Results

During NSRDEC Human Factors evaluation (see Appendix A) researchers noted that test
participants almost always forgot to use the left-sleeve doffing zipper when removing the
garment. The evaluators mentioned that the sleeve zipper might not be necessary. The GT notes
that the sleeve-doffing zipper has been reported to be very useful while doffing the garment
when contaminated; opening the zipper is not necessary when the garment is not contaminated.

No discomfort caused by these doffing zippers was reported during any Human Factors testing or
outside testing at FAST or Contaminated Doffing.

3.7.3 Contaminated Doffing Results

Test participants liked the style of the zippers, and especially the way the sleeve zipper allowed
the user to peel the garment off. Participants expressed their belief that the sleeve zipper helped
them avoid brushing the contaminated side of the garment against their bodies and against the
carbon suit. No penetration of contaminant simulants onto the body was noted along the zipper
lines.

3.8 Field-Relief Zipper

In a coverall style garment a field-relief zipper is essential to the wearer’s comfort as it
eliminates the need to take off all gear and the entire ensemble to relieve oneself.

3.8.1 Methods

A two-way water-resistant zipper was implemented in the very first prototype and has remained
virtually unchanged throughout the design process. The zipper begins at waist level at center
front and ends at waist level at center back (see Figure 34). A flap of shell fabric protects the
zipper from the outside. A corresponding zipper was placed on the carbon bodysuit as well to
facilitate field relief.

The field-relief zipper in the coverall is YKK URETEK Part# CT40L-86-DABL E 5/8. The
field-relief zipper in the carbon bodysuit is YKK continuous coil zipper size #5.
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Figure 34. Field-Relief Zipper.

3.8.2 Human Factors Results

During NSRDEC Human Factors evaluation the researcher found that the carbon undergarment
and the shell garment zippers correspond well with each other but if an ACU or even just
personal underwear were worn with the garments, using the opening created for solid waste
relief would be very difficult (see Appendix A). No discomfort was reported from this zipper.

3.9 Closures

3.9.1 Methods

Closures, in particular zippers, must address a number of challenges. Where closures marry at
least two fabrics and where these openings must be backed by carbon interfaces, the GT had to
consider a number of issues: performance against chemical agents, flexibility, price point, ease of
use (opening and closing), availability (in stock or special order), closure placement (center front
vs. off to the side, pit-zip venting, etc.), and applications in manufacturing (welded, stitched, flap
over), and integrity of seal. The latter issue was of particular concern in the RTI FAST testing.
During the development of the Generations 1 through 3 garments many zipper closure systems
were investigated, and the GT found that a YKK water-resistant zipper worked best for its needs
and thus continued to use the same type of zipper for the Generation 4 garment.
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To facilitate the use of the zipper while wearing gloves, as is commonly necessary with this type
of garment, the GT placed a zipper grab tab at the termination of the zipper on the left front thigh
to give the wearer an anchor point to hold onto while pulling the zipper to the neck.

Figure 35. Zipper Grab Tab.

3.9.2 FAST Results

During FAST orange simulant was noticed in the zipper teeth on the front and sleeve zippers. It
did not appear that any of the simulant penetrated through the zipper onto the carbon
undergarment.

3.10 Shoulder Stabilizer Strap and Hood Retention Flap

3.10.1 Methods

During a September 2007 visit to Cherry Point Marine base the Generation 3 garment was shown
to a group of Marine fliers. During a gear-donning demonstration and discussion, uniform
shoulder displacement of the current Marine-issued flight suit was seen to result from gear
straps. The GT designed an internal shoulder mesh / elastic stabilizer strap for Generation 4 (see
Figure 36). This feature was intended to control the garment’s position on the shoulder, resisting
shoulder slide-off caused by gear straps, and preventing the resulting restriction of head
movement. Incorporating elastic into this addition helped to prevent any movement restriction.

A hood retention flap was also added in Generation 4 to keep the hood out of the wearer’s way
when it is not required.
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Figure 36. Generation 4 Shoulder Stabilizer and Hood Retention Flap.

3.10.2 Human Factors Results
At NSRDEC Human Factors it was noted that the shoulder stabilizer strap was self-adjusting,
which is a plus, and the test participants did not notice any discomfort due to this addition.

The hood retention flap added in Generation 4 proved to be useful in restraining and stowing the
hood while the test participant wore the garment without the hood donned.

3.11 Costing

3.11.1 Methods

To produce an estimated cost, the GT capitalized on the multiple garments production for FAST,
Contaminated Doffing, and MET testing on the articulated manikin. During the small-scale
production for the Generation 4 prototype shell, each sewing operation was timed at the local
company that manufactured Generation 4 garments for LEHP.

3.11.2 Results

Having added the total minutes for the sewing operations, the GT estimates that two hours and
fifty minutes are required to complete the Generation 4 coverall shell. At $15 per hour the price
for labor costs would be $42.50. However, fabric is often the most expensive part of this type of
garment.

The following fabric utilizations were found by making a paper marker by hand. (The patterns
were not yet digitized into the Gerber system.)
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e The Generation 4 shell requires 4.5 yards of 60-inch-wide fabric.
e The tight carbon bodysuit requires 3 yards of 50-inch-wide fabric.
e The loose carbon bodysuit needs 3.33 yards of 50-inch-wide fabric.

Fabric prices vary greatly according to the types of fabric and the size of the lot ordered. Shell
fabric 78C was estimated at $33 per yard. Carbon-undergarment fabric 63A was estimated at
$10.39 per yard.

Producing the Generation 4 shell would cost a total of: $191 (excluding fastener and thread
Costs).

$42.50 + (4.5 x $33) = $191

Due to time restrictions a labor-cost time study was not done for the tight or loose carbon
undergarment. Because both carbon suits are simple designs compared to the shell, the GT
estimates that each would require no more than one-half hour to complete.

$7.50 + (3 x $10.39) = $38.67

An estimated total cost for the Generation 4 garment shell and carbon ensemble would be about:
$229.67 (excluding fastener and thread costs, manufacturer’s overhead and markup, etc.). Costs
in a large-scale production environment are estimated to be lower than that found in this limited
production run.
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4. Conclusions

4.1 Fabric

Fabric 63A was preferred for the undergarment fabric by test participants; this finding was
confirmed by internal testing and the regression analysis of comfort factors.

4.2 Dual-Layer System

The dual-layer system was key to the great success experienced at Contaminated Doffing. Of the
two styles of undergarments presented, test participants preferred the tight carbon bodysuit rather
than the loose carbon bodysuit.

4.3 Hood/Mask Interface

The hood/mask interface was significantly improved over time; continuing spiral development of
this interface led to many novel design ideas and improvements in protection. Increased
protection at this vital interface was documented through FAST and Human Factors evaluations.
Though this interface has seen many improvements, it continues to be an area of focus for
maximum protection, comfort, performance, and achievement of a snug fit, especially at the
contours such as the temple and forehead areas.

4.4 Articulated Knee and Knee-Pad Pocket

The newly reshaped articulated knee was well-liked by test participants. Addition of the knee
control straps helped to control the knee pad position on the wearer, and reduced fabric rubbing
and friction noise from movement.

4.5 Articulated Sleeve and Elbow Reinforcement

The shaped elbow reinforcement is successful in providing abrasion resistance in areas that the
subject may wear through in a regular duty uniform. The reinforcement from the upper wrist to
the lower shoulder area provides an extra layer of fabric to protect against any wear to the main
body of the suit.

4.6 Waist Belt and Torso

The newly designed elastic waist belt proved to be successful in holding the shell’s knees and
crotch in the appropriate places on the body and for positioning the waist on various wearers’
torsos. The elastic waist belt also helped to eliminate any restriction of movement that would
result from the garment’s crotch hanging low while the wearer tried to lift his knees or climb.

4.7 Asymmetrical Front Zipper and Left-Sleeve Zipper

Design of the asymmetric front zipper and the left-sleeve zipper continued to be well received
during Human Factors trials and during Contaminated Doffing. Zipper placement remained
mostly unchanged during the prototype generations because of the favorable earlier design that
carried through.
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4.8 Field Relief Zipper

The double-ended field relief zipper has been a successful design feature throughout the entire
project. It has generated positive responses during Human Factors evaluations and remains
largely unchanged through the multiple generations of garments.

4.9 Closures

For purposes of the LEHP garment a YKK water-resistant coil zipper was found to be
satisfactory for all the zippers located at the front, the left sleeve, and the crotch (for field relief).

4.10 Shoulder Stabilizer Strap and Hood Retention Flap

The shoulder stabilizer was found to be self-adjusting and, thus, easy to use. The hood retention
flap was able to restrain the hood in instances when hood was in the stowed position.
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5. Recommendations

Following are recommendations of the GT based on comprehensive testing of the Generation 4
garments, together with the design and scheduled testing of Generation 5 and subsequent LEHP
generations.

1. Create a two-piece ensemble exploring both fixed and removable hood
systems.

2. Conduct the following tests on garments:

a. FAST at RTI to provide information on aerosol blowthrough
penetration at interfaces such as wrists, ankles, hood/mask, and zippers
while motion routines are performed in a controlled environment.

b. Contaminated Doffing at Hazmat Sciences to provide information on
contaminant transferred onto the body during the doffing of the
contaminated garment. This is an important test as it validates the
design of the garment system and ensures a clean removal of the
garment after exposure to contaminants.

c. Protection Factor testing at Edgewood Chemical and Biological Center
to provide data feedback on the impact of the garment system
hood/mask interface on the integrity of the seal of the mask.

d. Human Factors evaluations at both NSRDEC and Philadelphia
University so that motion-routine studies can provide significant data
about human subjects’ perceived comfort, and about the ability of the
wearers to perform discrete and mission-relevant movements. This
evaluation also provides for observation of ease of donning and
doffing.

3. Produce multiple garments for field testing using multiple human participants
to provide feedback on all areas of concern noted throughout the report. Field
testing would be conducted with NSRDEC’s concurrence and involvement if
funding (whether from LEHP and/or NSRDEC) permits.

4. Continue to investigate developmental and commercial fabrics available in the
industry (including those developed jointly with LEHP), as well as their
acceptability in future garment designs.

This document reports research undertaken at the

50 U.S. Army Combat Capabilities Development
Command Soldier Center, Natick, MA, and has been
assigned No. Natick/TR-22/009 1n a series of reports
approved for publication
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Appendix A
Reprint of Final Test Report: Limited Human Factors Evaluation of the LEHP Chemical
Biological Protective Garment—Generation 4 Prototype—March 30, 2009

Reprint starts on next page.
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EXECUTIVE SUMMARY

The Lahoratory for Engiveered Hurvan Protection (LEHFP) at Philadelphia Unieersity,
Philadelphia, P&, is working to develop a chemical binlogical (CB) protective garment,
applicable for military personnel, that enhances wearers” physical and thermal cornfort relatee to
the carre ntly issued farnily of CB garments. This iz a Congressionally-funde d effort, with
techrdcal oversight assigned to Ils. Carole Winterhalter of the Matick Soldier Research,
Development and Engineering Center (WSRDES), Ilaterials and Defense Sciences Division.
LEHF has worked iteratrrely, creating, assessing, and refining prototypes based npon homan
factors assessment, thermal properties assessment, FAST testing and contarminated doffing
evaluation. The most current design, referred to as the Generation 4 prototype concepts, features
an outer shell design constrcted idertically in six fabrics; plus four cathon-based
undergarments, two constrcted according to one design and two constructed aceording to
another, to address different usage concepts. The ohjective of the current evaluation was to
perforrn hurnan factors assessment on a designated subsef of six shell undergarmment
combinations. The evaluation was perforred by a mewber of MERDEC s Ergonorics Team
durirg Noveraber, 2002,

Methodology

Two actrve duty Soldier- Subjects wore each ensernble in the Humar Systerns Integration
(HEI) Laboratory at NEREDEC while donning to Mission Onented Protectnee Postue (MOPF)
levels 2 and 4. &t each lewel they performed actbvities to sitalate ground Soldier tactical
mnove tne its and tasks. Apprommately 145 hours was spent in each enserble by each Subject
orvet the conrse of 2 back-to-back days, per Subject. Throngh a cowbination of tester
chaervations of performance, spontaneous Subject corenents, and se report survesys, each
ensernble was assessed according to (1) therrnal comfor (hased on limdted wear times and non-
Hgorous activities), (2) fabric comfor, (3) phorsical comfort and fit, (4) range of motion, (5) ease
of nse to melode donning and doffing, (6) protectiee interface with OB footwear, hand wear, and
head gear, (7)) corpatibility with standard ground Soldier military gear, (3) safety, and (9)
Soldier acceptability and preferences. OnDecember 11% 2008, a prelind nary sumiuary of the
HFE results was presented inbriefing format to LEHP zarrnent designers and other project
stakeholders. Ore Soldier who had participated in the evaluation and a second Soldier recruited
fior this briefing were present to model the garrments, perform move me nts as requested, and
answer the designers’ gquestions. This report expands upon that briefing n text forrat.

Find

1. Changes raade to the shell design since the enserable was last evaluated at N3RDEC made a
posittve difference frora the nrnan factors perspectrve. For reference, the prior evaluation
was reported July, 2007, in Prmary Findings frorn the Huan Factors Laboratory Bvaluation
of LEHF Upgraded 2 Generation Prototype, (Farla & lan). Changes to the desizn since then,
are;

+  Bedesign of neck interface has eliminated abreach point

+  DBedesigned waist adjustvent band is effective at holding the trousers at a corafortable
and appropriate level of chiolze per wearer. Az aresult, nobagey crotches or
restriction in lower body or torso moverments were oheerved.

LEHF CH FProtective Garment, Generation 4 Prototype 1
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+  The redesigned shonlder stabilization mechanis o was effective at holding the
ensetnhle in place while Subjects donned and doffed heavy ralitary gear at the
shoulders.

+  Lengthening the articulated kriees and knee pad coverage provided value added,
though farther attertion to this feature may be warranted, When the duty aniform and
blonsy style undergarments were worn beneath the gareent shell, the knee pads
cushinned the knees in every position exatnined. When the shells were worn over a
long underwear style garrnent and no BCTT, the trousers hung differently and the knee
pads turmed notice ably inarard towards the groin. For some activities, though not the
most critical ones, this resulted in the Subjects” knees being partially on and partially
off the kneepads or their outer kxee cap aligning precisely with the outer edge of the
kreepad.

2. Findings for each assessment area are sumrnarized, helowr,

(1) Therrnal Cornfort: The termperature in the laboratory was between 60 and 70 degrees
Fahrenhedt at all tiraes. &t this range, Subjects reported feeling *Slizhtly Uncomfortable™
with respect to heat, though some systernatic differences were cheerved. Subjects rated
taore discorafort at MOPP than at RMOPPZ, more discorafort in MOPPA with ralitary
gear than without it, and more thermal discorafort in the blousy undergarment style
corfiguration (includes the duty aniform) compared to the long nnderwear undergarment
corfiguration (duty uniforn not worry. Similarly, more sweating was reported in WIOPP4
than in MOPP2 and while wearing the blowsy undergarment configuration corpared to
the long wrderwear corfiguration.

(2} Fabne Comfort: Based on ratings and comraents, fabric comfort was positiee. £ the
cote lngion of wear, per configuration, Subjects rated fabric corafort on a seale with 1=
Extrernely Uncorafortable and 5= Especially Comdortable. For both Subjects, all
undergarraents and shells recerved a rating of 4 “Mo Discorafort™ with the exception that
one Subject rated the fabric of Undergarment 963 as being Especially Corfortahle.

(31 Phoysical Cornfort and Fit: Fit was exeellent and cordortable for both Subjects with one
exception: one of the Subjects, who had an especially large neck base circurdference
{greater than 99% percentile for Ay Soldiers) reported tizhtness and discorafort at the
neck in every ensernble.

(4 Bange of tnotion: There were no restrictio ne attributable to the LEHP enserable over a
variety of move ments and tasks irvolving the bead and neck, torso and shoulders, and
lower hodsy.

(51 Ease of Use/Donting and doffing: Donning was easy and achieved gquickly but Subjects
did ot like having to rermove and then re-don their duty boots to dress to IOPPS in an
erergency scetarin. Doffing each coraponent of the ensemble was easy. The garmment
hood rollback mecharsmm — intended to store hood and neck panels out of the way when
in WIOPP lewel 2 - was easv to use and effectirely held the hood in place, but was less
effective and efficient for use with the neck panels.

(6} Protectrve interfaces: [t was difficult for wearers to achieve smooth interface at neck and
the non-smooth interfaces achieved by Subjects were frequently breached during
rovernetits. Even with help fromm the Tester, it was difficult to achieve astmooth
interface, especially for the Subject with the slender neck (45 percentils). Protective

LEHF CH FProtective Garment, Generation 4 Prototype 2
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interface was easy to accomplish and well-tnaintained at wrists. At the ankles, it was
challenging to achiewe the appropriate degree of snugness at the closure, often resulting
ina tronser leg on the outer gavment that rose during moveement and did not fallback
down again,

(7 Corapatibality with walitary sear: An imeormpatibility carrently exists between the fielded
duty helteiet and the fielded CB protectiee ensemble for MIOPP4: the helmet sits too high
and does not seat securely on the head due to the upper edge of the CB mask; and
hecausze the helret sits too high, the stabilizing chin straps carmot be fastened. This same
phenomenon was ohzerved when the LEHP garment was worn in MOPP4, bt the
probletn is preswrred due to the mask, not the garment itself. The LEHP prototype was
fully compatible with all other duty (non-CB) iterns that were featured in the evaluation:
duty boots, duty uniforre, body armor, meksaclk, assault pack, and weapon.

i2) Safety: There is potential snag hazard during WOPP2 from the cirenlar canister cords
which are exposed even when the hood is rolled back and fastened at the base of the
neck. Inadditior, all shell garments were noisy, which could contribute to detectability.
Baged on Subjects’ memory, however, the LEHP erserbles ave less noisy than the
cmrent CB protectbe uniform.

(9 Subjects” acceptability and preferences: Both Subjects wonld accept and recommend the
LEHP Prototype Generation 4 concepts as their CB protective enserable. They had no
strong preference among the shells (which differed ordy by fabrie, HOT by design or fit).
Of the two cathon undergariment styles, they clearly preferred the long unde ravear atyle.
Between the two long undersrear garments featured in this evaluation (638 and 962,
they hoth preferred 634 which they perceived as lighter weight and therefore cooler.
Meither of the Subjects had a specific preference for one configuration (shell plus
undergarrnent) over another.

3. The lnoman factors concerns which may reguire further attention are noted, below:

+ Interface at Neck: Difficult to ackiewe solo or with assistance from the Tester. If
wearer achieves sub-optimal interface, it degrades further during movements.

+  Interface at Ankles: Difficult to deterrdne optimal level of stugness. If wearer
fasters closure too tightly, tronsers rise up during certain movernents and do not fall
back into place again. If fastened too loosely, chemical protection may be
cotmprotaised.

+  Donning: Subjects forgot to cover the wery top of the central zipper with its zipper
flap nearly afl the tirme.

+ Doffing: Subjects usually forget to use the arnm zipper when doffing. They both felt
that the arrn zipper was not necessary for their body type but might be necessary for
sommeote with larger chest or shoulders.

+  Enee pad: It rmay be necessary to widen the kneepads along all or part of their outer
edges.

Recommendations for Further Ensemble Development
1. Contirme to enhance neck interface to iraprove achiesability.
2. Eliminate need for wearer to manipmlate upper central zipper flap hecanse they cannot
rermetabiet to do thiz when dorming to LIOPPS lesel

LEHF CH FProtective Garment, Generation 4 Prototype 2
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3. Further irnrestigate knee pad location when no ACT is worn beneath shell to ensure

accornraodation for critical infantry tasks and seek accomrodation for any tasks where

krees are pressed to the ground.

Consider garment stowage approach that will protect hood shape.

Redesign mechanism for holding neck parels out of the way dwing MOPT lewel 2:

Sinece the outer shell has the capacity tobe donmed ower the duty boot, and the blousy

underzarment is intended to be attached to the outer shell, redesizn unde rgarment tronser

0 that it, too, ray be donned over the duty boot.

7. Be-evaluate selected hnran factors issues after the hlousy underzarment is attached to
shell. Donning and doffing concepts and movements will be different becanse the Soldier
dons one garment to achiewe CB protection instead of two.

O s
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TEST REPORT:
LIMITED HUMAN FACTORS EVALUATION OF THE
LEAP CHEMICAL BIOLOGICAL PROTECTIVE GARMENT,
GENERATION 4 PROTOTYPE

1. INTRODUCTION

1.1 Background

The Laboratory for Engine ered Hurman Protection (LEHEP) at Philadelphia University,
Philadelphia, P&, is working to develop a chemical binlogical (CB) protective garment,
applicable for military personnel, that enhances wearers” phoysical and thermal cornfort relatee to
the carre nitly issued farnily of CB garments. This iz a Congressionally-funded effort, with
techrdcal oversight assignied to Ils. Clarole Winterhalter of WSEDEC, LEHF has worked
iterattvely, creating, assessing, and refining prototypes based upon toraan factors assessent,
thermal properties assesswment, FAST testing and corntarninated doffing evalnation. The most
current design, referred to as the Gereration 4 prototype, features an outer shell replicated in
roultiple fabrics (four shells of different fabrics were featured in this evaluation); it also features
two styles of cathon-based nndergarment, with each style produced in two fabrics for a total of
fonr undergarments featured in this evaluation. Out of a total of 16 shell-undergariment possible
cornb inations, six were selected by the gavmment designers to undergo hurman factors assessment.
To ermphasize this point, every shell was NOT corbined with every undergarment, per the
wishes of the garment designers. Instead, they carefully selected six corabinations that would
provide the informmation they songht.

1.2 Ohjective
Conduct an initial harnan factors assessment of six prototype CB protecttve garment
configurations developed by LEHP

1.3 Scope of Assessment

& major objectrve of LEHP is to exhance wearers”™ physical and therrnal corfort. These hurman
factors dimensions were assessed within the constraints of a short wear-tirne laboratory
evvaluation that did not include rigorous physical activity or controlled teraperature conditions.

A nother important foous of assesstnent was compatibility of the Generation 4 prototype with
ground soldier military gear which is availdble at NEEDEC bt not to the gavinent designers.
Other standard huroan factors dimensions were assessed as well for a total of nine dimensions, as
follovars:

(117 Thermnal comwfort

{2y Fabnc comfort

(31 Physical corafort and fit

(4 Range of motion

(51 Ease of useldonning and doffing

(8]  Protectree interface with CB footwear, hand wear, and head gear
(1 Corapatibility with standard ground Soldier military gear

(31 Safety

(9 Soldier acceptability and preferences
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In the process of assessing the enserable from these perspectives, the tester kept a special eye on
the effectreness, from an HF perspecttve, of recent desizn changes made to the prototype.

2. METHODOLOGY

2.1 Test Items: LEHP Shells and UTndergarments

&3z indicated dboree, the Generation 4 concepts vvobee a CB protective cathon-based
undergarment worn bensath b shell overgarment. The shell is a one piece, jurnpsuit style. It
incorporates a hood designed to fit precisely against the teraples and cheek areas of the Joint
Service General Parpose Ilass (JSGPM). Neck closure panels on the jurgpenit provide
protective coverage on the front and sides of the neck and overlap the edges of the mask at the
lowrer jawr and chin areas providing coverage at this critical interface between garment and mask.
The shell includes hook and loop closures at the ankles and wrists as well as large knee pads
placed within leg pockets.

The priraary changes to the shell since it was last evaluated at MSRDEC are the following:
1. Redesignof interface at neck with mask
2. BReplacing a waist adjustment at the back of the shell with a fully encircling waist helt
3. Bedesignof shoulder stability mechanistn inside the upper back of the shell
4. The articulated knees have been lengthened and narrowred.

Four shells of identical designbut constructed from different fabrics were assessed during this
evraluation. The fabric treatment of each shell is depicted in Table 2-1, below.

Tahle 2-1. Fahric Treatment of Garmeni Shell Evaluated

S5hell | Aerosol Durahle Other/

I | Memhbrane Water Motes

Resigtant
alll - Vs Momex (flame resistant); 01l and water resistant
firish

25N Vs Vg Ilerihrane iz laminated onto the hack

31B - Yes Hreo undaruanated fabrie

TEC Yes Yes Includes tricot backer to protect memwbrane

Inforrnation describing the complete cloth characteristics of the garment shells and
undergarments has been provided by LEHE and iz presented in the first table of the &ppendiz.

LEHF Prototype 4 is actually a family of enserdb les that inclndes two styles of undergarment,
each with a different wear concept, as explaine d in the next two paragraphs.

COme undergarment style fits stugly against the body, like long underaear, and is meant to be
wort over personal nndenzrear ondy, in place of a duty uniform. This style bas been referred to
as the “Cathon Union Suit™ by the LEHF, bt it 15 referred to in this report as the “Long
Underaear™ style in order to capture its defining characteristic. The long underwear garment is
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paired with the shell, alone ; this systern would be employred when CB protecthee gear is donned
in advance of an nmediate threat. Two long nnderarear garments composed of identical design
bt different fibric ave featured in this evalnation.

The other undergarment design is looger and blonsier because it is meant to be worn over the
Soldier’s duty uriform, in sitnations where titne constraints do not perrit removing the duty
uriforea before dorrdng a CB protecttve systern. Tlds style has been referred to by LEHP as the
“Loose Carbon Suit”™, but is referred to in this report as the “blousy undergarment.” LEHP future
plans call for the blousy undergarment to be tacked to the shell, so that the undergarment and
shell will, in effect, comprise a 1-piece systern. At the tirne of this evaluation, howewer, the
blonsy undergarrment was still separate frorn the shell, and needed tobe dorred first and
sepatately from the shell.

& third component of the LEHP Generation 4 prototype is 2 hood liner which matches, in fabrie,
the wnderzarment with which it is worrn. The hood liner hugs the scalp and the contours of the
TSGEPI, forning an extra layer of protection between the mask and the hood of the shell
garrnent. Tobe clear, the hood liner is not attached to the undergarrnent.

The LEHF team selected six undergarment-shell cormbinations tobe evaluated at this time.
These corbinations, referred to herein as configurations, are depicted in Tahle 2-2, below.

Tahle 2-2. Configurations Evaluated

Configuration Cathon Underzarment Shell
MNumber Undergarment Siyle Chvergarment
1. 54 mfrlz‘ﬂwm G110 *
2. 54 mfrlz‘ﬂlem 3B
3. 400 mfrlz‘ﬂwm 3B
4. 634 mé;;ia: £5M
5. 634 mé;;ia: T30
6. 063 mé;;ia: 3B

* This chell is flate recictant (FE). Onby FE glowes truge be wom with it

Lz indicated earlier, nforation describing the corplete cloth characteristics of the garroent
shells and undergarments has heen provided by LEHP avd is presented in the first table of the
Lppendix. The informmation is gronped by the configuration nurdbers eraplogred for the
evraluation.
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Ezarmple photos depicting the two unde rgarment styles, the shell, and the hood liner are seen
belowr.

Elonusy Long Shell ouzter Hood Livwer
Thiderganment Thdenarear At et [40C7
(5410 Thuderzanmert (51117
(620

The size of all shells provided for the evaluation was identical, as was the size of all
wndergzarments. The size of the shell resetnbles the size of the JPACE, size 40, remlar length
and the undergarraent size has been designed to fit the sarae sized person who wears this shell
gize. Size prediction charts for JPACE are haged on the two body ditnensions of height and
welght, Specifically, JPACE size 40 15 expected to fit an indrddual of height range 62-72 inches
and weight range 185-200. This Tester has past experiernce with 7 Soldier subjects who wore
earlier LEHP prototypes produced in the same size as the garments in the present evaluation. Her
records of their *goodness of fit”™ suggest that indrdduals of height 68-72 iwehes and with
weights from 163 to 197 have allbeen well accomraodated. Compared to the JPACE size 40
prediction range, the Tester’s prediction range for the LEHF is slightly trancated in heights
accorraodated but encompasses a roach larger range of weights accommodated. Due to a small
Soldier test pool, the Tester sought individuals for the present evaluation whose body dirmensions
placed them within this latter, modified range of prediction for the LEHF, since a much larger
welght range could be considered.

2.2 Subjects, Location and Schedule

T Subjects of differing body shapes, bt still within range, were songht. Fove Setiee Duty
Soldiers from NERDEC s Huran Besearch Volunteer (HEWV) Platoon who met the modified size
prediction criteria were screened for fit on the two LEHF enserble styles (with long mndensear
undergarment worm beneath shell; with blousy undergarraent and ACTs wom bereath shell).
From among these five, three indmriduals found a good fit according to both wearer and Tester;
haged further upon their svailahility to participate in the evaluation, two of these individuals
were selected to be Test Participants (TPs). Height and weight for the selected indrriduals is
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listed in Table 2-3, below. Body dirnensions and goodress of fit for all 5 indneiduals who were
fit-sereered are tabulated in the &ppendizx.

Table 2-3. Height and Weight of Participating TPs
TP | Height | Weight
ID | (inches)| (Ihs.)
TPL| 7100 | 1s8

TP2| w03 lan#*

* TP 2 rac on TecoTd as weighing 166 The (i range) when celected for this
evrahyatiom, at dharivgg the wee el of ewrabiation he weighed onde 160 The

(slightly belovr range).

Both TPs held the Ililitary Oceupational Specialty of 1B (Infantry). To avoid the opinions of
ore TF biasing the opinions of another, evaluation with each TP was conducted separately,

2.3 Duration and Location

Each HEV was scheduled for two, 4-hour blocks of testing on back-to-back days, to facilitate
wearing all six prototype garments with as little intervening actnvity as possible, so that the TPs
conld rernerwhber and make e aninginl cormparisons between corfigurations worn. The
disadvantage of this approach is that thermal discorfort may be cuwraulative so that the 32
corflguration worn on one day could, for exaraple, feel hotter than the 19 configuration, when
there is no true difference in thermal burden. (The Thermal Comfort paragraph in the Besults
Section addresses this issue). The alternattve of wearing a different cordiguration every day for
six days straight was not an option from a scheduling standpoint. The evaluation took place
during Movernber 2008 in WSEDEC "s Humman Systerns Integration Labo ratory.

2.4 Aszzezsment Methodology

Secuence of wear for the shell by-undergarment corab inations

To facilitate comparison within undergarment styles, TP wore all theee blousy undergarment
configurations first (Cordigurations 1, 2, and 3), followed by the three long unde ravear
Configurations (4, 5, and ). After wearing the fivst theee cordizurations, the TP was asked to
cotapate them ona nuober of haraan factors dimensions. After wearing the second three
corflgurations, the TP was asked to compare among ther on the sarae buraan factors
ditnersions. Onee all six configurations were worm and cormpariso ne within the second set were
tnade, the TP was asked about hds preferences among configration type (Le., long unde raear
versns blonsy) and among all shells and all corfigurations. TP2 followed the same pattern,
except that he wore all three long underarear configurations fivst (4, 5, and &), followed by the
blonsy undergarrnent configurations (1, 2, and 3).

Prelirainary instructions and fariliarization

Before donning the garment, the TPs recerved familiavization training with the design features
frorn the Tester who also instructed thern on dorming and doffing procedures and seuenices.
Baged on a small pilot test already conducted at HSEDEC with one of the Generation 4
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conflgurations, instructional eraphiasis was placed on actieving proper closure of the neck panels
atd on remmembering to utilize the waist belt.

Sequence of Wear with regard to BOFPP lewels
Ilission Oriented Protective Posture (MOTPF) levvels O through 4, with respect to CB theeat are
specified by Artay doctrine. At WIOPP level 0, CB gear is not wombut it is carred.

LIOPE lewel 2 refers to a protectire posture of partial enecbernent in CB gear and readiness to
move to total encapsulation. At MOPP level 2, Soldiers wear their CB overboots and their CB
garmnent, bt they are permitted to leave the CB garment open ot the chest or at the collar area.
Thes carry their raskirespirator on a sling strap or attached to their duty urdforrm or garment.

WOPT lewel 4 refers to the totally protective posture of cormplete encapsulation. At RIOPP lewvel
4, Soldiers wear CB footwear, OB garraent, CB mask, CB mask- garment interface (if this s a
separate itew, such as a hood), and OB gloves.

CB garments are worn most frequently in either MOPP lewel 2 or MIOPP level 4. In this
evaluation, LEHF prototype confiznrations will recerve human factors assessroent at both levels,
atd donning and doffing travsitions between lewvels 0, 2, and 4 willbe cheerved.

Each TP performed sixbasic steps dwring which human factors infortation was collected.
These steps were:

Dion fror RIOFPO to RIOFP2 (and don military gear)

Perform morremments and tasks in WOPP2

Donftransition from RIOPPZ to MOFP4 (and re- don walitary geat)
Repeat moveernents and tasks performed in WOPP2

Doff to KIOPPO

Don frora MOPPO to WOPP, without ralitary gear.

e

CB Protecttve Lecessores

The CB protecttve accessories dorned and worn in addition to the LTEHP enserble are listed in
Table 2-4, below. Please note that each listed item iz fielded and wom cwrrently with the Joint
Service Lightweight Integrated Suit Techwolo gy (JSLIST) — Type II (Type 11 sigrdfies an
attached hood).

LEHF CB Protective Garment, Generation 4 Prototype 11
Hatid'HFE Test Report UKNCLASSIFIED

65




Tahle 2-4. CB Protective Accessories Worn during the Evaluation

Calegory & Item Full Name or Details When was 11 Worn?
Worm m MOFPO threnzh MOFPS,
Mask Carder Contains mask Worn around the leg, with a stabilizmng
belt at thewaist or lup
Book
-4F% Alternate Footarear Sohition MOPF2 thasugh MOPP4
-BWOs Elack Vinyl Owverboots MOPF2 thicagh MOPP4
Jomnt Service General Parpose Mask
Masl'Bespiraior [ISGPLD) MOFPPS only
A A M5S0
Handwear
JSLIST Elock 1 Glove Upgrade,
_TB1GU FR Flame Resistant* MOFP4 only
TE2GT non-FR JSLIST Block 2 Glove Uparade, MOFPY only. Onbyanth flame

Hon-Flame Fesistant**

resistant CB garments.

* Flatre recistart glovre cotwists of 4 ambibe, CB protectite liver shd an oater glove for flame resista e,
ek Hor flamne Tecictard glove coneists of 4 cotbor, sarest liner and a byl CE protectire glowe.

Mlilitary zear utilized during evaluation

Lin irportant aspect of the buraan factors evalnation was to assess compatibility of the LEHP
prototype with mditaty gear corarnonly wsed by a ground Soldier. Table 2-5, below, lists the
tilitary gear wiorn or carried and utilized during the evaluation actbeities. Alliterns are
applicable in WIOPPZ and WIOFPPS and were, therefore, wom or carried and utilized during
activities at both MOFF lewels.
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Tahle 2-5. Military Gear Used for Compatihility Assessment

Cawegory & Iiem Full Namwe/Teaile
Body A Improved Chater Tactical Vest (IOTWVI. This 1s the most recently fielded
o r body armor system for groand Soldiers (see photos, balow).
Larza back pack — coaterts ave meart to sustain a Soldier for nmltipls
days in the field (change of clothing, sleeping roll, etc). Balanced and
Ruclsack wreighted to shout 40 s, for this evahiation and used by TEL . (See
thoto, baloer).
Smaller pack contaming tactical tems needed to accornplish a mission
Asgzault Pack [balanced and weighted to about 40 Ths. for this evahiation amd used by
TR}
Helmet Advance Combat Helmet (ACH)
Claniesn One 2-quart carteen, carried in cater pocket on mcksack or assanlt pack
YWeapon M4 mfle (mock)
; stiom and Pouches (about size of deck of card) that attach towebbing on IOTV to
c 1a Fouct hold ammmo (rectangular shape pouchl or grenades (pound shape). 2
anuno pouches and 1 grenade were worn on TPE s IOTV.

Fropd wiear of IDTY. This Clageap wiewr of I0TW collar, which is the pritharny poit of
photo chade the gom irderfac e with the LEHP gannerd, I0TV is tpically palled
prote cbor whi ch s not oty onrer the head; i can e doxted from the <ide by opening
o dharing the ewahiation the left shoalder strap e chanian, it this requires more

s that leg momrermetts coald titre ard more meatoial de sterity than donning over the head.
be more eacily oheerved.
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Paackisack side wievwr, shovars card e,
cleepitz Toll, and badk sTaps. & fame
atached avomd the waist i cometites
nsed, tnt wras not awrailable for this
evrabiation. The Sccanlt pack is cinila i
chape tngt shorter i height | and does not
chade the sleepmgroll. The Sccalt
pack has a horizont 41 srap aooss the
chest to archor it which was wom during

Bange of motion and maneserability

While wearing WMOPP2 plus ralitary gear and while wearing MOFP4 plus military gear the TP
perforred actions selected to assess range of motion (e .2, bend to toach toes) and ability to
execute military-relevant movements (e.g., assuie weapons-firing positions). These actions are
listed in Tahle 2-6, below,

Tahle 2-6. Actions Performed in MOPFP2 and MOPP4

Head, Neck, and Bending Enees and Prone Positions Upright Actions
1 Head & neck rotations Eneel onboth Jmees . Perform hagh knee zatses
2.Look leftlock rngldilock back Craw]l onbothknees . Perform climh & reach

3. Twanst at waist

4 Bend from wraist to “adpst™
boots

5.Doffback pack, withdraer
canteen Sinmlate drinking in
MOPPY (via CB adapter cap in
canteen and drinking tube
mask).

1.

2.

3. Eneel-to-fire

4. Perform lowr crawl wiath
Weapon

5. Fire from prone postion

6. Access & toss grenade (using
prone and kneeling postions)

moton

. Walk a road march pace
. Jog across the room and back

[about 25 feet each way)

. Mecess & toss grenade in

upright postion

Dhring donning of the configuration and CB and rilitary gear, and during perforrmance of
actrvities, the HF analyst logzed her own observations and consistently asked TFs to report in
real-tirne any discormfort, difficulty, or interface breach.

A fter doffing each cordiguration for the last tirae, TPs completed a short questionnaire to assess

their perceptions oft
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Corafort with regard to heat, fabrie, and sweating

Snag hazard, percenved safety, and percerved wulnerabilityidetectability
Perceptions of fit at distinet body locations and owerall

Lhility to perforrn tasks effectively

Creerall acceptability to the Soldier for perforring his raission while wearing the
garrnent in a CB threat erseironment

Lftera TP had worn alf theee prototypes of one style (e.g, blowsy undergarment or long
urderae ar design) he discussed his preferences with the Tester who noted his response. Lftera
TP had worm all six configurations, he indicated his preference among nndergarment styles and
shells.

2.5 Resulis Format

Besults have been prepated in two forrmats: (1) briefingide monstration conducted on Decerber
11, 200% and (2} this Test Beport. Copies of the slides presented at the briefing are available
upon request to bs. Carole Winterhalter, W3RDEC, who funded this evalnation.

3. RESULTS

The HF findirgs are grouped into three cate gories:
(1} Findings particular to the wdergarment comporents of the prototype.
(21 Effectiveness of the recent design changes to the shell coraporent
(31 Hurran factors findings grouped by hrnan factors dirnensions such as thermal corafort,
range of motion, safety, etc. These findings apply to all six configurations evaluated.

1.1. Undergarment Components

Lz a rerminder, the two undergarment styles correspond to two concepts of wear. The Blousy
Underwear style is meant to suppoit erergency dorming over fie ACT, The undergarient is
meant to be attached to the shell as a liner, o that a single sarment would be donred in an
ernergencyimrgent situation when there is no tirae to reracve the BCTs. The undergarmments were
not wet attached, howesrer, at the titne of the evalnation, so they were donned and doffed
separately. The stvle is blousy to fit over the ACT and to track with the fit of the outer shell
which is worn ovrer 1t

The Long Underarear style is raeant to be worn i place offhe ACT, and donned in non-argent
conditions. The shell is wom over it.
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Blousy Undergarment Style

Towro blousy undergarraents were featured in this evaluation, known
as 540 and 40, 54D was worn in Configurations 1 and 2 and
A0Z weas worn in Configuration 3. These garments were identical
in size, shape, and design, differing only by fabric. Mo differences
wete observe d between the two undergarinents orbetween the three
configurations with which they were worn. Shell 31B was wom

o | with each of these undergarments plus one of the long underwear

| style undergarments (963, It is worth noting that the shell fit hoth
TPz well whether it was wom over the blousy undergarments plus
ACT or was worn only over the long underarear garment. The only
difference in that case is that the neck area, which felt crowded in
all configurations for TP1 once he donned the IDTV, felt more
crowded when he was wearing the blousy underzarment style
compated to the long unde rerear style.

54 40c

Long Underwear Style

Two long undersear stywle undergarments were featured in this
evvaluation, and were knowr as 6354 and P62, Thew were
identical in size, shape, and design features but were constructed
of different fabrics. Both undergarments were phyrsically
cornfortable with regard to fit and fabric, and TPL found the fabric
of 96 2 to be “especially cormfortable,” and said he felt as
cornfortable as if he were “wearing pajamas.” Nonetheless, after
wearing the garraents for the evaluation actteities, both TPs said
theyr wonld prefer undergarment 634 to 96 becanse they felt it
was lighter weight and expected that it would be cooler, over the
long ran. The undergarraent actual weights were not determined,
bt to the Tester, the 634 fabric felt clearly thinner than the 96
fahric.

TN 08

1.2 Recent Design Changes

Four desigh charnges have been made to the shell coraponent of the LEHP prototype since the
N5SRDEC Ergonotics tearn last evaluated it in July 2007, The results of each design change,
fromm a human factors perspecttve, are indicated belowe,

LEHF CB Frotective &arment, Generation 4 Prototype 16
Matick'HFE Test Report UNCLASSIFIED

70




(1) Meck: Redesigned garment-maslk interface

In the prior design, with the protectiee neck flaps closed, the
Tester conld insert her firnger about 1.5 inch at the left side of the
neck and touch the bare skin of the wearer. (See photo at right, of
former prototype.) This breach point has been eliminated, while
keeping a sirailar neck closure design requiring overlapping neck
panels drawn snugly from each side of the neck and attached by
biook and loop at the right side of the neck.

Breach point in PRIOR. prototype
(Has heen eliminated)

The phiotos below showr the LEHF Prototype 4 neck nterface, in a fastened position. It was
difficult for TPs to achieve a staooth layering of the panels and a secure fastening of the hook
atd loop. Ewen for the Tester, it was difficult to achieve a smmooth interface on the more narrow
teck of TP2. The photos belowr showr fastened neck interfaces for TPL (left photo) and TP2
(rrdddle photo). Both interfaces look secure fror the front view, but the right most photo of TF2
showrs that his outer flap had a large owerhang for which there was no attachment hook
appropriatelsy located. For reference, neckbase circwrnference for TPL was 19 .21 inches, greater
than 9% percentile of U5, Army Soldiers. Meck base circumference for TP2 was 1598 inches,
equivalent to the 45% percentile for U.5. Army Soldiers, (&1 measurements were performed by
tetrhers of WSRDEC s anthroporaetrics tearn and the percentiles are based upon the 1.5, Sy
AMETE database, CGordon et al, 198E).

TP1, large neck, = 99 potile TP2, small neck, 452 petile
(Config 6: 96X +31B) (Cordiz 4 634 + E30)

(2) Waist: Replaced waist adjusiment at back of shell with fully encircling waist helt

The new waist belt is an effectire enhancement to overall fit. It allows the wearer to determnine
the length of his trousers and where to make the division between the torso of the ganment and
the lower half’ of body. Unlike prior HFE evaluations of coverall style garments, no TP reported
abagoy croteh, despite differences in torso and leg lengthe. Furthermore, the waist adjustine nt
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wras easy to use and comfortable to wear. For the first 3 to 4 donnings the TPs needed reinding
to use waist helt, but after that they remerdbered on the ir owr

(3)Upper hack: Added a shoulder stahilization mechanism

Lin elastic band was placed mside the shell at the upper back to
keep the enserdble in place when donning or doffing equiprment
toffrom the shonlders. This is referred to as the shoulder
stabilization mechanismm and results show that the CB ensemble
consistently retnained in place when TPz donred and doffed the
IOTWV (15 Ibs.), and the mcksack or assanlt pack (each 40 Ths.)
Creer 12 donnings per TP of the IOTV and 12 dorrings of either the
rucksack or the assanlt pack, per TP, the CB garment moved substantially out of place and
required readjustment only one titne. This ocowrred when TP donned the IOTV over
Configuration & while in MIOPF2. The shoulder stabilization mechards m is us er-friendly in that
the adjustrnent occurs antormatically dwing wear, with no pre-donning preparation required. The
Tester would call this a posittee *Sleeper” iter: Warfighters ave unaweare of its existence, but it
is working for thern.

(4) Enees: Lengthened and narrowed

TPs performed four actreities designed to determine — araong other things — whether the
lengthered and articulated knee area provided knee protection and cornfort. These actvities
(listed in the Methods Section) are (1) kneel onboth knees, (20 crawl on both knees, (31 kneel
and fire, and (4 perforn low crawl with weapon, For all of these activities, knee pad length was
sufficient and ataple. Sorne concern arose over kneepad width or lateral positioning when TPz
kreeled and crawled in Configurations 4, 5, and & for which no &ACTT iz worn bene ath the outer
shell. TP1 wore the other three cordigurations for his first day of evalnation, and the kree pad
loc ation was “spot on.” fs soon as he donned Configuration 4, howeeser, he and the Tester bhoth
toticed that the knee pads, without the extrabulk from the blowsy under garment and & CT, were
now onented irarards toward the rver thighs.
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Inall three cases of kneeling onboth knees and crawling on hards and
krees for Configurations 4, 5, and 6, one orboth of TP1's kneecaps
were partially on and partially off the kneepads at the outer edges.
TP2's experience was rmilder: his outer kreecaps aligned exactly with
the outer edges of the kneepads when kneeling onboth knees and
crawling on hands and krees for Conflguration 5, ondy. His kneepads
appeared turmed wward, howewver, on Configurations 4, 5, and 6.

Configuration 6, TP, LIOFPP 4

Configuration 5, TP, MOPP2

Forboth TPs, howeser, their knees were sufficiently covered when
they performe d the low crawl and when theyr asswmed the position
of kneel-to-firve. Dhuring the low crawl, the knees arve dragged more
than they are pressed to the ground, and, if angrthing, it is the
mside, not the outside of the knee that makes the contact with the
ground, so the “turned inward” kneepads presents no problem. For
the correct kneel and fire position, all pressure should be applied to
the center of the kneecap, which may explan why kneepad
coverage was observed tobe adequate for this position even when
the krieepads twrved iowrard. (See photo, at right: TP2 iz weating
Configuration 6.

The Tester has learned that low crawl and kneel-to-fire are raore comrnonly performed and
critical infantry tasks than kneeling on both krees or crawling on hands and knees. The isgue of
msufficient kneepad width for the tasks of lesser importance is, therefore, of only mild concerm.
Of more interest, perhaps, is that the trousers of the LEHP shell clearly hang differently
depending on which wear concept (long wndereear style versus ACT plus blousy undergarient)
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iz ernployred. In the cwrent evaluation, howesver, the differential hanging had no irmpact upon leg
raises, jogging, or other actions that engaged the tronsers.

3.3 Findings Grouped by Human Factors Dimensions

The remaining findings are grouped by the hurnan factors dirnensions assessed during this

Ievaluatic'n.

(1) Therrnal Corafiort: The termperature in the ldboratory was between 60 and 70 degrees
Fahrenbeit at all tiwes. Given this range, Subjects seldorn reported feeling hot. Body
temperature was rated on a scale of 1 to 5 with | = Extremely Uneormfortable and 5=
Especially Comfortable. Table 3-1, below, records TP ratings of cordon with respect to
“Body Terperature™ for differing MOPF lewel and gear corbinations. The first three rows
represent the ratings of TPL and the lower three rows represent the ratings of TP2.

Ewen thongh the extrerne ratings of 1 and 5 were never erployed, systematic differences
were observed between MIOPP conditions, gear conditions, and the two condiguration types
reroploying long underwear or blousy undergarment style). Fatings from TP1 are found in
the fivst three vows of Table 3-1, below. Except for his anomalous rating for C6 (see
Corment colume, in table ahowe), TP1 was slightly uncomfortable frorm heat in all
configurations for both WIOPP2 with gear and MOPPY without gear. He was warmer
Tvloderately Uncomfiortable) when wearing MOPPL with gear, bt ondy in the Blousy
Undergarment Configurations (1, 2, and 3). For the Confizurations eraploying the long
urderwe ar style his heat discomfor rating remained at “Shightly Uneo mfortable™ for all
WMOPF and gear corditions.

For TP2 (ratings found in the lower three rows of Table 3-1, below), he felt no therrmal
dizco rnfort when wearing WMOPPZ with IOTV and military gear. He felt slight thermal
dizco rofort when wearing MOPP4 with or without the IOTV and gear.

Sweat was not rated, bt at the conclusion of each configuration TPs reported if’ and where
they sweated in LICOPP4. TP1 did not sweat dwring the first configuration on both days of the
evaluation, but thereafter he did sweat, equally, for the remainng two corfigurations each
day. This suggests at least a partial, curanlative effect of swreating that occwred by the 2
configuration each day and then retmained constant. TP was not clear about where he
sweated the roost but the Tester could see that his face sweating while encapsulated in
MOPP4 gear, and could see the sweat marks on his upper chest.
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Batiryz scale for comfort:

Extramely Mloderatelyr Blighthy Ho Driscomfort Especially
Thucomfort shle Thuomnfort ahle Thwomnfort shle Coarfortable
1 2 4 5
Tahle 3-1. Thermal Comfort Ratings for TPs 1 and 2
» il nd Ling 'I.Tndﬁnm )
TP | Condition c[htﬂﬁmgm r Cenfigurations TP Cornwents or Tester Ohservations
1 2 3 Cd | C5 o]
Wt cordradiction:
TP1 rated Corfiz. 6 ac more thennally comfortable
MOFF: than the other five configmatione . This cordradicts
with 3 3 3 3 3 4% | hic recorded comrnerts that he prefers the
Grear muder ammerd wrom with, ©4 and 05 better than the
ot orh wrth Co hecanse ic it lighter weight and
cooler,
™ MOPP4 Withonat IO TV and other militany gear, TP 1 rated
it 3 3 3 3 3 3 MOPP4 as equ.a.]_l:.r themmally u:om.fonah}e to
MOPPL wom with gear. 411 configmationes
geax received the sahe ratinge.
BIOPP4 o writh IO TV and military gear
MOFF4 reu:eiveu;lt‘m lonarest comnfort ratinggs v the
with gear 2 2 2 3 3 3 evrabiation, fooen TP, vwho rated all three Blousy
Thderganmert Confimmrations ac Moderately
Thacornfort dble with Tespe it to Body Tenpersbire.
LOFF? TP2 felt nuo thennal discomfort @ all &
with 4 4 4 4 4 4 cordfignratiotes whoer wom i MOPE 2 with IOTY
Grear ard military gear.
MOFP4 TP2 fonmd all confignratione e MOPP4 withont
TP withueut 3 E 3 3 3 3 IOTY and gear, to be “Elighthy Thuorrdortable ™
Fear with respect to thental comnfort.
TP2 foamd all configurations i MOPP4 with
MOFF4 3 3 z z 3 3 IOTY and gear, to be “Slighthr Thworrdortable ™
with gear with respect to thennal commfort (sane Taihg
arthungt Zear).

Lnount of sweat may also have been confounded by arnbient teraperature. On the day he
wore the long underwear style cordigurations, TP2 reported sweating in the upper chest,
upper back, and avenpits for the fivet confizuration (Configuration 4), bt he did not sweat
while wearing the other two corfigurations that moming (8 5 and &), A substantial drop in
oo te mperature (fror 69° to 65 ° Fahrerheit may account for this drop-off in sweating.

O the day he wore the blowsy uwndergarments, TP2 again reported sweating in the upper
chest, upper back, and anmpits for the first configuration (Configuration 1), but he continned
to swreat even raore for the newxt two configurations (C2 and C3). For those tao
configurations, he reported sweating on his whole chest, whole uppet back, armpits, and legs
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(apew area). This added sweat ocowrred in spite of a drop, once again, in roora ternperatare
frorn 69° to 66 * Fahrenheit.

With both order effects and room terperature effects having some apact on sweating, no
clear conelusions can be drawmn about amount of sweating between Conflgurations 1 through
6. & gross level conclusion canbe drawn that — with the exception of TP2 sweating while
weating C4 — both TPs sweated more while wearing the blousy undergarment configurations
1, 2, and 3, compared with the long underwear corfigurations 4, 5, and é.

(2} Fabrie Cormfort: Fabric comfor was rated on the corafort scale of 1 to 5 from Extremely

Uncorfortable to Especially Cordortable. Table 3-2, below, records TP ratings of cornfort
with respect to the fabrc of the undergarinent and the fabric of the hood liner. The first three

ros represent the ratings of TP1 and the lower three rows represent the ratings of TP2.

Table 3-2. Fahric Comfort Ratings
TF et Blousy Tndergarmvend Ling Tndenwear
m ¢ Lonfipurations Confapurations TF Cornmnends or Tester Ohsenrations
ampanent ™0 [ €3 | €4 | ©5 | c6
Thad Elonsy wmderzannent did rot tewch TPL s sk o
. & + * 3 he conld not rate fabric comfort
Hood lier 4 4 4 4 4 4
Blonsy wmdergannerts towched TP27s clan shomre
wrist. He comonerited on slight diccornort of the
Thdergamment | 4 v E v 5 * | 3 udergsmment fiboic (400 ) where it touched
2 bl vmict are s ithe fabric, rot the kedt ouf).
Hood lier 4 4 4 4 4 4

(31 Physical Corofort and Fit: There were o physical cormfort issues such as pressure points or

tubbing or pokitg, so TP impressions of phersical corfor (as something separate from
therral or fabrie cormdfort) devobred from their wiews of fit. Both TPs felt that it was roomsr
(bt not over-large ) and cornfortable at all points of the body (e 2., sleeve length, tronser
length, chest cireurderence, ete.). The one exception is that TP1 werbally reported tightress
and discomfort at the neck for every conflguration, boat felt this most strongly for
Configurations 1, 2 and 3 which erployed the blousy underganment and included wearing
the &LCT. For those configurations, he stated that it was “raore crowde d™ at bus neck. bs

reported earlier, TP1 had an especially large neck.

i4) Bange of motion: Table 3-3, helow, indicates the actions TPs performed while wearing each
conflguration at RMOPPZ and MOPPS levels. (The sarne table appeared earlier in the
Llethodology Section). Mo restrictions were ever encountered for any of the actions listed
for Knees and Prone Positions and for Upright &ctions. For itemns in the Head, Heck, and
Berdirg Colaron, no restriction was observed or reported for any action except for the fivst
two iterns: head & neck rotations and look left, right, and back ower the shoulders. Sidebar
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mini-experitnents mdicated, howeser, that the sowree of the restriction was the IOTY and not
the LEHF enserable. There was no restriction in these actions when the LEHP enserble was
wiorn withont the IOTV im WOPP Lewel 2, and there wras restnction when the IOTWV was
wom alone over the 4CTs. This comvinced the Tester that it was the IOT ¥ and not the
garmient that constrained head and neck rotations and sweeling one *s neck to look around.
&dditionally, TF2 had felt sore neck-twming restriction becanse the sides of his face hit the
LEHF hood which poked wp fro the IOTY collar; howewer, once it was diseosered that the
hood could be rolled back out of the way and secured during WIOPP2 wear, this source of
kestriction disappeared.

Tahle 3-3. Actions Performed in MOFPF2 and MOPP4

Head, MNeck, and Bending Enees and Prone Positions | Upright Actions
1. Head & neck rotations 1. Eneel onboth lnges 1. Perform high knee ratses
2. Look leftfloo)k rvightfloclk 2. Crawl onbothknees 2. Performm climb & reach
back 3. Ereel and fire motion
3. Twast at waist 4. Perform low crawl with 3. Walk at road march pace
4. Bend fromwaist to “adpst™ Weanon 4. Jog across the room and back
boots 5. Fire from prone postion 5. Access & toss grenade in
5. Doffback pack, withdrawr &, Access & toss grenade (sing upright postion
canteern Dank (i MOFPY, prone and knealing postions)
only).

In WIOPP4, sorae restriction in head turming reraained {corgpared to MOPP2 or ACT ondy),
due to the encapsulation effect of the hood and mask corabmation. This was true with or
without the IOTV.

(51 Base of Use/Donning and doffing:
Dionning. Doxning both the undergarraent and the shell was easy and achieved qpuickly bt

HEYs did not like the fact that the undergaroent intended for donning in an emergency,
required first rernovval and then re-dorning of their duty boots. When donning to MOFPP4 and
zipping their central zipper all the way to the top, the zipper flap did not antornatically close
orver the top 2-3 inches of the zipper (though it did close ower the rest of the zipper). If the
zippet flap is not closed all the way to the top, it interferes with achieving a srnooth closure

of the two neck panels, ywet TPs seldom retaermbered to close this flap. &fter repeated
rerninders from the Tester, TPZ usnally remevbered to do this dwring the 2 half of the
evaluation. TPl did not remerdber to close the central zipper flap on his own wntil his 1 2%
and last dorrang of the esaluation.

Tirne to Don. As an unplanned, sidebar exploration, titne donning was conducted three
tirnes, total, during the entire envaluation, to get a sense of whether the enseroble conld be
doriried to MOPF Level 4 within the doctrivaly regpuived E-mivte tivne litnit. TP weas timed
twice, donning fromw MOFPO to RIOFPS in erergency mode, therebyr following a doctrinally
correct sequence for donning the protectiee coraponents.
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TP2 was firet timed while dorning Configuration 1 (blousy unde rgarment 540 + shell 6177 +
hood liner). Because this was his 4% conflguration wom, he had three prior, non-timed
practices donning fror KIOPPO to WIOPP4. His additional CB gear donmed included the
JSGPI mask, JB1GU FR. glove systern (since shell 6177 i flame resistant) and the BYO
protectiee boots. Total tire to achiesve WMOPP4 was 5 mirntes and 4 seconds, but time to
rernce his duty boots prior to be ginning was not captured; this is estitnated to require at least
15 seconds.

[TP2 was also timed while donning Configaration 3 (blowsy undergarment 400 +she 1 315 +
hood liner). This was his 6% configuration worn, His additional CB gear donned included
the JSGPM mask, JB23U non-FR glowve systern and the AFS protecttve boots. Total time
frora RIOPPO (& CTTs and dutsy boots) to achieve MOPP4 was 5 rirutes and 7 seconds, with
this tirne including initial reracval of boots, followred by all other steps. Both layers of the
non-FR. glowee systern were tucked beneath the knit eoff of his undergarment, against his shin.

The two donning times for TP2 were near-identical, though the 22 tire includes 15 seconds
that were needed to rernove duty boots and 31 seconds required to re-don ther, fora total of
46 seconds. So the 2% tirme (3 seconds longer) actually reflects quicker donning by at least
45 geconds.

TP1 was alzo tirned while domning Configuration 3, which was his third configuration of the
evaluation. His CB gear donned included the JSGPL mask, TB2GT non-FR. glove system
and the AF S protecttve boots. His titne to don 1z approsamate becanse a wristwatch was used
in place of a stop watch, &lso, TP was not requested to don in accordance with an
ernergency sequence, and so he donned his garraent and overboots before his mask, nstead
of donning the mask first. His total tirne to achiewe MOPPS was 6.5 minutes, bt time to first
rerncve his duty boots was not captared within that total. For the record, he donned the boatyl
lazrer of his glove systern between the cuff of the undergarraent and the sleeve of the outer
garment.

The total tires to achieve WIOPP4 for TP and TP2, across two garment cordigurations, two
types of CB hoots, and two types of CB gloves consistently suggest that the LEHP ensemble,
Prototype 4, can be donned well within the 2-rinute recpuire rent. & breakdown of split times
for TP2 dondng steps canbe found in the Sppendix.

Lz a final note about donning, TP donned the 962 hood liner inside out becanse he could
not distinguish between the near identical gray color on the inside and outside of the hood

Doffing. Fwvery aspect of doffing was accomplished easily. Both TFs appreciated the added
abrantage of the arm zipper in doffing - it was quicker and kept thero frorm having to wriggle
out of the shoulders. At the same time, howewer, they did not consider the zipper to be
crucial for donning and as a result they seldom remermbered to uwse the arm zipper for doffing,

Hood and Weck Panel Storage during RMIOPP2 Wear. The ganment hood rollback rmechanisia
— intended to store hood and neck panels ot of the way when in MOFPE level 2 - was easyw to
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use and effectrrely held the hood in place, but was less effective and efficient for use with the
teck pavels.

| Visre of hood rolled and stored 1mder Zumvent flap before and after postioning [I0TV. |

Hood Shape Betertion during Storage of Enserable. The sernd-rigid front edgze on the hood
of the LEHF shell iz contoured to mate with the JSGPR mask and does so successfully.
There iz concerr, however, that this frame could lose its shape when the shell is stuffed into a
Soldier’s rucksack or assault pack.

Waste elismination. TP2 was asked to sirlate solid waste elimination by opering the front
to back/back to front zipper and sguatting in an “as-if™ position. He reported and the tester
ohserved that the zipper was well placed and the garment opened sufficiently to accomgplish
waste eliination, but he said he could not imagine actually taking advantage of this feature
— felt he wonld “hold it” if he had to. TF and tester also noted that clothing worn bereath the
LEHP ensermble would haraper use of this feature . Dhuring the evaluation, the sirmlation
ocorred when the TP was wearing a long nnderarear gavenent, with his owrn personal
undergarraent beneath it. He tried reacking back to lower his personal undergarment bat
fomnd it awkosrard both to lower and to retrieve his persoral unde rovear and both TP and
Tester concluded that this would be infeasible. If he had been wearing the blousy
undergarment, he would have needed to reach throngh the waste relief zipper to lower and
tetrieve both hiz personal underwear and his ACTT trousers. TP and Tester coneluded that
this wonld also be infeasihle.

Lizzessment showed that ligmd waste elimination wonld be easily accomplished due to the
back to frontfront to back zipper featured on the LEHP shell and undergarments. The zipper
aligne well with fly openings on personal undergarmme nts and the ACTT trounsers.

(6} Protectrmee interfaces at necl, wrist, and ankles:
Interface at neck. It was difficult for wearers to acluewe smooth mterface at neck and the non-
stnooth interfaces achiewved by Subjects were frequently degraded further or breached during
movernetts. Even with help from the Tester, it was difficult to achieve a staooth interface,
especially for the Subject with the slender neck (45% percentile),
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%54

(11 TP1 dom Loee srmooth at frowd.
Comgfig 2 540+ 318

(L 2

(11 TP2%: onater flap ic civwched o far that panel exterds bepord the hook fact ener.
(23 Flap poppe d oper when neds tmed to lef
Comafie 5 034 + FEC

Interface at Wrists. At the wrists, protectrve interface was easy to accormplish and well-
roaittained during rosernents.

FR glove. The IB1GU-FR. glove systern was worn with Configuration 1 because it featured
a flatrie-resistant shell (6177). This glowe systern has 2 components, an inner CB protectne
lasrer and an onter FR. glove laser. TEs had no difficulty inserting the inner glowve beneath the
cuff of the undergariment (for Configuration 1, this was the 540 underzanment). They were
ahle to position the inrer layer glove gauntlet to lie abowe the cuff against the bare arem. It
was sitaple for the TPs to don the outer glove, positioning it between the inner garment cuff
and the outer garment sleeve. Snugly fastering the hook and loop closure at the wrist posed
no difficulties.

MNon-FR glove. The JB2GT non-FR. glove systern consists of a cotton irmer sweat liner and
abutyl glove providing the chermical protection. It was siraple for TPs to don the cotton
sweat liner, tucking it beneath the cuff of the uwndergarrnent. With regard to appropriate
larering of the butvl glove at the wrist avea, the Tester consultant experts at the .5, Army
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Chemical School at Fort Leonardwood; but o conewrene e was obtained on propet layering
method; likely, this is because the Array has not wet fielded this glowe systern with a gannent
that has both an inner cuff and a sleewe. Therefiore, lavering of the butyl glowe with the
LEHP prototype was tried in two ways: (1) with the butyl glove tucked under the
urdergarment cuff along wihh the cotton liner, and (2) with the buty] glove positioned
between the undergarment cuff and the sleese of the shell outer garment. Ineach case, TPs
were able to form an effective interface and then stugly fasten the hook and loop closure at
the wrist.

The wrist interface was never breached or loogened during evaluation actorities for either the
FE. or non-FE. glove systems.

Interface at nkles. At the ankles, it was challenging to achieve the appropriate degree of
stgness, often resulting in trouser legs that rose during movernent and did not fallback
down again. Essentially, stz adjustrents which “felt” right to the TPs led to trousers that
wold rise during certain activities and not fall back again, After two configurations, TP
learred to secure his ankle hook and loop closure with less stngriess so that the trousers
wonld alwrares fall back into place again. TPZ had narrower ankles and his natural tende ey
was to affix the loop flap to the hook patch at the furthest possible, stnggest possible
positior. The Tester traived him to affiz the loop to the hook about % inches looser than he
raturally preferred, bt ever with this rodification, if his trouser leg rose during an activity,
it would not fallback down to its previous position.

Three evaluation activities caused the trouser legs to rse most of the tirme. These were: (1)
lowr crawl. (2) high knee raises: when the right leg was raised, the left trouser would raise
(and vice versa). (3) The reach and clirab actwrity where the leg lifted and the foot placed
upon a 30 inch-high metal barrier: when the TP lifted and bent his right leg, the left tronser
wold raise. After low crawl, and when TPs lowered their legs from these other activities,
the oppostte trouser leg would remain too high, i, often rermaining abowe the middle
fasterer on the BYOs or £F5s, which is considered too high for adeguate protection. fs
indicated, this problern persisted fior TP2.

Photo at left was taken after lowr crawl, when
baoth trousers rose ahove 221 AF3 fastener
and did not fallback dowr again.

Tester refastened closures ahout 304 inch
looger and repositioned thetm on AFS.

Draring clireh and reach actritsy, rght trouser
roze when left leg was lifted and did not fall
back dowm again — it became bunched inside
upper rin of &F35 (photo at right).

Both photos are for TP, wearing

Confignration 4.
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Lz another ankle interface issue, both TPs did niot naturally achiese
wertical alignment of the adjustment tab with the trouser leg (see
photo at right) until the Tester traived ther to do so. When
dorring WOFPPY in a by, they reverted to inadecuate alignient.

i1 Corapatibility with walitary gear: &n iheorpatibility currently exists between the fielded
duty heltnet and the fielded CB protecttee ensermble for WMOPP4A: the helmet sits too high and
does not seat securely on the head due to the upper edge of the CB mask. Becanse the helmet
gits too high, the stabilizing clin straps carmot be fastened. This same phenormenon was
obzerved when the LTEHP garinent was wom i WMOFPP4, but the problem is presumed due to
the mask, not the garrment itself.

The LEHF prototspe was fully cormpatible with all other duty (non-CB) iterms that were
featured in the evaluation: duty boots, duty wrdfore, bodsy armor, nicksack, assanlt pack, and
weapor. Az an added exercise, amraunition pouches with mock aramunition and a grenade
pouch containing a mock grenade were attached to the IOTV in military faskdon. These did
not irmpact on the LEHP prototype, and the TPs had no troble accessing and tossing the
grenade while wearing the LEHP garments.

Photos frow the HF evaluation that illustrate CB zarment cormpatibility with ralitary
eruiproe it are presented below

0TV o over K0T IO TV vmom ovrer LEHP ganm et

(Confiz. 27
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Aecaaltt pack wom with IO TV and amano & grenade poaches
[Config 6 on left, Corfiz 2 on Tight)

TP hoist nacksack TP wears nacks ack. Holds
[Confiz, ) wreapot i military postme.
(Config. 37
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Becantt Pack atd lack Carrier with MOPE 4 IOTW with areho poaches & grenade ot MOPE 4
[Confizg 1) (Comfig. 4)

Smmlated drivbing fromm standard cante en i MIOPE 4
[Confiz. 3)

() Safety: There is potential snag hazard during WIOPP2 frorn the circular canister cords which
are exposed even when the hood is rolled back and fastered at the base of the hood. In
addition, all shell garments were noisy, which could contribute to detectability. TPL noted
that Configuration 1, the first one he tried on, went “Swish-swish-swisl, ™ and he felt that all
subseguent configurations rmade the same sound. & ccording to the meraory of both TPs,
binaresver, the LEHE enserdbles are less noisy than the JSLIST Type [T worn currently in the
field.
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(9 Subjects” acceptability and preferences: Both Subjects would accept and recorarend any of
the LEHP Prototspe Generation 4 conflgurations featured in this evalnation as their CB
protecttve enserable. Thew had no strong preference araong the shells (which differed only
by fabric, WOT by design or fit). Of the two cartbon unde rgarme nt styles, they clearly
preferred the long wnderarear style. Thew liked it because — without the ACT — it was clearly
lighter weight and less balky. They felt that they would not rdss wearing the £CT ina
chernical threat environment. TPZ also commented that both of the long anderwear
undergarmments “just felt more natural . felt like clothing compared to the [blousy] style
which felt rongher.™ Both TPz said that thet would rather wear avor of the three long
undetwear configurations than any of the blousy undergarments.

Eefween the two long underwear garments featured in this evaluation -- 634 and 962-- they
both preferred 634 which they percenqed as lighter weight and therefore cooler. Actual
weights of these two garrments were not measured, but the Tester percenved with her fingers
that the 634 fabric was thinner than the 363 fabrie.

Heither of the Subjects had a specific prefererce for one configuration (shell plus
undergarment) over another. When asked how to improve the LEHF Generation 4 prototype,
in general, TF1 requested: (1) less bulkiness at the neck area and (2} a neck or other head
geat interface that allows o to “see what ywou are attaching™ Both TPs requested that for
the ernergency concept of wear — the blousy undergarmment configurations — the enserhle
should be able to be dormed without first rerosing one’s duty boots,

4. CONCLUSIONS

The following cornclusions are based upon the findings presented abovve. It should be
rerneribered that these results are based on a wser evaluation of two users.

To avoid redundancy with text in the Results Section, the conclusions are presented in outline
form.

Generation 4 Improvements
= Meck interface breach point has been elirainated
*  Bedesigred waist adjustiment band is easy to uge and effectie for appropriatelsy
positioring trounser and upper body portions of gartnent on the hody
= Shoulder stabilization mechanism prevented garrment from mowing out of place when
bodyr arrnor was dormed orback packs were hoisted

Differences among Generation 4 Prototypes
= There were none to negligible human factors differences observed between:
—  The two long urdersear underganents (634 and 962)
—  The two blousy undergarmments (34 and 40
—  The four shell outer garments (6110, 31B, 50 and T8
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» TPz preferred the long underwe ar styvle to the blowsy undergarent style becanse the
orverall enserdble was lighter weizht and less bulliy

Comfort
= Al corafort indices were positive for:
— Thernal comfort (in temperate conditions)
— Fahric comfort
— Phoysical cowdont & fit*
- |overall corefort

* Oine TP with large neck experienced “slight discomdfort™ (uncomdortable pressure) in all
enserrbles at MOFPZ and MOFP4 lewels
* knee pads tum irward when enserble is worn without the ACTT; this could be a proble for

gorne rission tasks.

imarily positive findings for:
= Range of motion
= FEase of use, donning, and doffing*
= Protectrve interfaces™®
= Compatibility with mdlitary gear
= Safety
= Soldier acceptabiitsy

*For protective interfaces, the wrist presented no problem; the ankle presented a slight problem
with trousers raizing and not falling back down again; and the neck presented a substantial
problern, with TPs finding it diffienlt to achieve adeguate protectire interface.

*#* Donning presented no problem (outside of interface issues noted just ahove) ; also, TPs would
prefer that all garments don and doff without necessitating reroval of duty boots. Solid waste
elitnination rmay not be feasible due to underclothing that does not feature the same waste
elirnination zippers as the LEHF prototype.

Summary of Human Factors Concerns
1. Interface at Meck
— Difficult to achieve solo or with assistance {in this case, from Tester)
—  Sub-optimal interface degrades further during moee toe nts
2. Interface at Ankles
- Difficult to deterrnine optimal level of stmgness
4. Donning and Doffing
— Easy to forget about arm zipper
— TPswould prefer not to rermove their doty boots
Location of knee pads may be sub-optireal when enserble is worn without SCTT
Solid waste elimination may not be feasible

O bn

LEHF CH Protective Garment, Generation 4 Prototype 32
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5. RECOMMEND ATIONS

Based upon the results and coneclusions, noted abosee, the following recorarmendations with
respect to hurnan factors are proposed for firther deselopment of the LEHF Gereration 4
Prototype:

1.

Continme to enhance neck interface to iraprove ackievability.

2. Elirdnate need for wearer to maniplate upper central zipper flap becanse they cannot
teraerdaet to do this when donning to WMOPP4S level

3. Further irnrestigate knee pad location when no ACT is worn beneath shell to ensure
accornraodation for critical infantry tasks and seek accomrodation for any tasks where
krees are pressed to the ground.

+  Option: Extend all or part of width along outer edge by 32 to 1 inch.

+  Option: Determine if there is excess kneepad width at the ivmer leg wher all
configurations are worn, Ifso, shift knee pad asserably about ¥ inch towards the
outer leg.

4. Consider garment stowage approach that will protect hood shape.

5. Bedesign mechanism for holding neck parels out of the way dwing MOPT lewel 2:

+  Option: Extend width of hood rollback patch to better accommodate neck panels.

+  Dwption: Provide separate, stoall Velero patches at either side of neck base on shell
for back-attaching the neck panels.

. Since the outer shell has the capacity to be donned over the dutyboot, and the blousy
undergarment is interded to be attached to the onter shell, redesign unde rgarment tronser
a0 that it, too, maay be donned over the duty boot.

7. Be-evaluate selected hurnan factors issues after the blousy undergarment iz attached to
shell. Donning and doffing concepts and move e nts will be different becanse the Soldier
dors one garment to achisve CB protection instead of two.

LEHF CB Protective Garment, Generation 4 Prototype a3
Matic'HFE Test Report UNCLASSIFIED
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APPENDIX:
REFERENCE TAELES
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Cloth Characteristics of the Components of each Configuration

Fabric " Coloration
Struct Structure Type Fiber Blend Method

Shell | G110 | Wowven Dyed green

Config Drverd bilack
1 WOVER,

unclyed

MmO En

1] LEHP Code Functional Treatment

Liner | S4m | Laminate

Universal
camo print

Shell | 3B | Woven

Config Dyed klack
WOVEnN,
undyed
nanywow'en

Liner | S4m [ Laminate

Universal

WNoveEn
Shell Cyl=] cama print

Config 100%:

3 Polyester,
Liner | 40C | Laminate 100%:
Carbon,
100% Mylon

Zhell | 85m | Laminate Jet Cryed
green
Config
4
i Dyed bilack
i kit
- n

Shell | 78C | Laminate Jet Cryed
" green
Caonfig
5
i i Dyed black
Liner B34 | Hnit

. Universal
Confid | cpan | 31g | vioven camo print

. Dyedd grey
CDE"Q Liner | @gx | Wnit bith kit
layers
LEHF CB Protective Garment, Generation 4 Prototype 35
MatickiHF E Test Repart UMNCLASSIFIED
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Temperature and Humidity during the Evaluation

. Temperature ‘-
Configuration Type TP ID (Fahrenheit) Humidity
Blousy Undergarment TPl 6.5 - 62.7° 32
(Configs. 1.2, &3) | Tp2 641-60.1° 28-20%,
Long Underwear TF1 [5?_5 _Ba4 30 -31%
i(Configs. 4, 5, & &) TF2 a2.1-601" 26 - 2T
Selection of Evaluation Participanis Based upon LEHF Prototype Fit
Height | Weight | Chest | Inseam | Wearer: Tester: Candidate
(inches) | (Ihs.) circ (inches) Fit Fit for
(inches) Perception | Perception | Evaluation?
Crood fit
B man | 1ss | st | ste2 femeptfor | OO fcoepran,
srmg at neck
stz at neck
Lmple fit,; a
HEV- amaller zize
- T0.39 140 37.09 3186 | Excellent right {1, Leceptahle
also
HEV- Food to Food to
e 7107 195 41 3% 3312 Erellent Furellent Leceptahle
HRV- 11 q173 | e | 30 | 3335 |Toosmall | Toosmall - ip o cptabe
v everywhere | everywhere
Meeded the
HEV. width bt
2 028 197 40539 3206 | Good legs ton long | Unaceeptable
& crotch
wery baggy.
wHEW: W and 20 wrere selected to participate @ the evabistion ac TPe 1 and 2 recpe ctively.
TE2 wras 1maneailable to particdp ate in the briefigdd anonetration om Decemboer 11, 2008,
HARTRYF ““ 20" alen hiad an acc eptable fit arnd arac cele cted to participate it the briefirgeid et stior.
LEHF CB Protective Garment, Generation g Protatype 36
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UNCLASSIFIED
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Body Dimensions of Evaluation Participanis (Inches)*

Body Dimension TP1i Demo TP2** Demo Particip ant
Participant Only
Height 71.10 70.39 7197
Welght (Tha) 136 160 195
Chest cire. 4087 709 4138
Waist 3370 3130 34.54
Torso length &0 26 69 128
[nsearn 3142 3166 3312
Neckbase cire. 1921 1598 17.50
Heck mid cire. 1570 1492 15.70
Heck length 382 429 -

# AN rmesnrertett s reTe takieh b members of HERDES s Srithoopormetrics Tean
vak TR predicts o JPACE cize 38 baced wpor his weight. The other participards predict indo
TPALCE sime 410,

Owerall and Split Times to Don from MOPP 0 to MOPF 4 (seconds)

Config 1 Config 3
(SAM + 611075 40C + 31B)
with BYOs, with AFS,
FR Gloves | Non FR Gloves
Dorn miask A 20
Bemowve duty boots Hot mcluded 15
Dion undergarment 55 ]
Dion duty boots and tuck undergarment enfts into them 55 3
Dion garnent shell and affix hood and neck panels 2l 74
Dion overhoots and affix ankle closures ] 104+
Dion glorees and affix wiist closures 52 24
TOTAL TIKIE TO ACHIEVE LIOFPP4 304= 307=
Smity, 4 secs. | 5min T secs.
*Boot sirap popped off ahd had to be reatached to corrplete dormigs the boot.
LEHF CB Frotective Farment, Generation 4 Prototype a7

MNatick/HFE Test Report UNCLASSIFIED
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Availahle Photos for CB Gear

J5 GPM Mask

-JBIGU FR

-JB2GU non-FR

LEHF CH Protective Garment, Generation 4 Prototype a8
HNatick/HFE Test Report UHNCLASSIFIED
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Appendix B

Human Factors Evaluation at Philadelphia University

B.1 Introduction

The long-term goal of the LEHP project is to create a military garment prototype that provides an
optimal combination of protection while retaining sufficient comfort to enable the users to wear
the garments under ambient conditions and “closed tight” during threats for the required amount
of time. One important component in achieving this goal is obtaining psychophysical
assessments of garment comfort from participants as they wear and use the garment. Human
Factors testing was used to assess LEHP-designed and constructed garments before and after the
completion of motion routines established to evaluate garment integrity and comfort of the
Generation 4 garments. Human participants completed the sequential steps of an established
motion routine that simulates soldier movements to enable assessment of durability of seams and
other features of the garment, and identify pressure points and comfort/discomfort features.

The series of tests on Generation 4 garment systems was performed at Philadelphia University in
conjunction with the LEHP Biophysics team. The motion routine is based on that done at
NSRDEC. Once the selected number of trials had been completed the Biophysics team analyzed
the data for scientific validity. Results from one Generation can then be compared to another
Generation prototype.

B.2 Methods

B.2.1 Participants

Participants were nineteen median-size males recruited from the Philadelphia University
community. Participants were treated in accordance with the APA’s Ethical Principles of
Psychologists and Code of Conduct. The studies were carried out with approval by the
University’s Institutional Review Board (IRB) under a protocol sanctioned by the Human
Research Protection Office at Fort Detrick.

B.2.2 Materials

Four shell components (85M, 31B, 61V, and 78C) and four carbon components (63A, 40C, 96X,
and 54M) were paired to construct five different overall garment configurations. These
configurations were as follows: 85M/63A (one trial), 31B/40C (two trials), 31B/96X (seven
trials), 31B/54M (five trials), and 78C/63A (four trials).

B.2.3 Characteristics Evaluated

A seventeen-item Human Factors Evaluation Questionnaire (see B.2.4) was used to document
participants' evaluation of the comfort of various aspects of the garment. Answers to all
questions but one were provided along a seven-point, forced-choice, Likert-style scale along a
comfort dimension particular to that question (ex., Very Uncomfortable to Very Comfortable).
The other question was a qualitative question concerning areas of potential binding (Are there
places in which the garment felt tight or was binding? Please list all areas that apply.).
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Questions covered a broad range of sensory characteristics as follows:

three questions concerning fabric characteristics (thermal comfort, scratchiness,
stiffness);

five questions concerning garment characteristics (comfort of the seams, comfort of the
closure at the front next edge, comfort of the garment attachment to the gloves, comfort
of the garment attachment to the boots, comfort of the weight of the garment);

three questions concerning range of motion (in the legs, in the arms, and overall range of
motion);

one qualitative question concerning areas of potential tightness or binding;

two questions concerning the hood (comfort of the hood, and range of motion of the hood
area);

one question concerning the ease of donning the garment;

two questions concerning the heat factor associated with wearing the suit (with and
without the mask).

B.2.4 Questionnaire
The Human Factors Evaluation questionnaire follows.

SSS3333555555555333333555>5553 5> <KL L LLLLLL L L L L L L L L L L L L

Now, please answer the following questions by circling the appropriate number.

Fabric Characteristics

1. Please assess the thermal comfort of the fabric.

Very Neither Cool Very
Cool nor Warm Warm
1 2 3 4 5 6 7

2. Please assess the stiffness of the fabric.

Very Very
Soft Stiff
1 2 3 4 5 6 7
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3. Please assess the scratchiness of the fabric.

Very
Smooth

1 2 3 4 5 6

Garment Characteristics

4. Please assess the comfort of the seams of the garment.

Very Neither Comfortable
Uncomfortable nor Uncomfortable
1 2 3 4 5 6

5. Please assess the comfort of the closure at the front neck edge.

Very Neither Comfortable
Uncomfortable nor Uncomfortable
1 2 3 4 5 6

6. Please assess the comfort of the garment attachment to the gloves.

Very Neither Comfortable
Uncomfortable nor Uncomfortable
1 2 3 4 5 6

7. Please assess the comfort of the garment attachment to the boots.

Very Neither Comfortable
Uncomfortable nor Uncomfortable
1 2 3 4 5 6
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8. Please assess the comfort of the weight of the garment.

Very Neither Light Very
Light nor Heavy Heavy
1 2 3 4 5 6 7

9. Please assess the range of motion in the legs of the garment.

Not at All Extremely
Restricted Restricted
1 2 3 4 5 6 7

10. Please assess the range of motion in the arms of the garment.

Not at All Extremely
Restricted Restricted
1 2 3 4 5 6 7

11. Please assess the range of motion of the overall garment.

Not at All Extremely
Restricted Restricted
1 2 3 4 5 6 7

12. Are there places in which the garment felt tight or was binding? Please list all areas that
apply:
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13. Please assess the comfort of the hood.

Very Neither Comfortable Very
Uncomfortable nor Uncomfortable Comfortable
1 2 3 4 5 6 7

14. Please assess the range of motion in the hood area.

Not at All Extremely
Restricted Restricted
1 2 3 4 5 6 7

15. Please rate the ease of putting on the garment.

Not at All Extremely
Difficult Difficult
1 2 3 4 5 6 7

16. Please rate the heat factor while wearing the full suit (including mask).

Very Neither Hot Very
Cool nor cool Hot
1 2 3 4 5 6 7

17. Please rate the heat factor while wearing the full suit without mask and hood donned.

Very Neither Hot Very
Cool nor cool Hot
1 2 3 4 5 6 7

SOSDDSS3355555SSSDS3555555>55553><LKLLLLLLLL L L L L L L L L L L L L L L L L
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B. 2.5 Procedure

Participants were recruited from the Philadelphia University community. Upon arrival at the
Human Factors Evaluation (HFE) Lab, each participant was briefed on the purpose and general
procedures of the study. After signing the informed consent form, the participant provided
demographic information and was measured on applicable body dimensions to determine the
best fit sizes for ancillary items (chemical-biological (CB) and mission gear). The participant
then changed into LEHP-supplied t-shirt and gym shorts. LEHP staff provided the
appropriately-sized Generation 4 garment and assisted the participant in the donning of the
garment. Donning was completed according to the prescribed donning procedure written by the
LEHP staff. Participants then completed the seventeen-question Human Factors Evaluation
Questionnaire (see B.2.4).

Following completion of the questionnaire, participants completed two sets of prescribed motion
routine. The routines included specified movements such as standing, walking, bending,
squatting, twisting, running in place, dropping to a prone position, and rolling over on the back.
The motions—simulated common field motions—were designed to provide stress to the garment
and to the various closures. The first routine, modeled after NSRDEC human factors testing,
consisted of the followed specified movements.

Discrete Movements. Participants executed a series of discrete body movements designed to
assess whether protective interfaces stay in place and if the overall CB ensemble was
uncomfortable or restrictive. Participants were instructed to:

. Rotate head 90 degrees to left

. Rotate head 90 degrees to right

. Look up at ceiling

. Look down at floor

. Raise both arms above head simultaneously

. Spread arms out fully to side, then raise above head, simultaneously

. Place hands behind head and twist side-to-side at waist

. Raise extended leg as high as possible, forward (left and right)

© 0O N OO O A W N PP

. Raise extended leg as high as possible, backward (left and right)
10. Bend knee and raise as high as possible towards chest (left and right)

To determine whether protective interfaces stay in place Participants then completed the second
motion routine, a more demanding sequence of movements of greater complexity.
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Mission-Relevant Movements (Tasks). The Task Sequence consisted of the following
movements:

. Perform low crawl
. Kneel on both knees and rise without using hands
. Take a knee (i.e. kneel on one knee, then rise)

. Make climbing motion (using chair)
. Step over 27-inch-high metal barrier, left foot first

1

2

3

4. Squat
5

6

7. Step over 27-inch-high metal barrier, right foot first

8. Hold and aim weapon in standing position (using realistically weighted mock M-4 carbine
from HFE lab) (Optional)

During each motion sequence, participants were encouraged to identify any concerns about the
garment, focusing particular attention to any clothing/gear slippage or breach at the interface
points. LEHP staff provided a quick visual and tactile check of the garment following any
reported slippage or breach at an interface. If they become uncomfortable or fatigued,
participants were permitted to remove the mask and take a rest break at any point during
evaluation activities. Participants were encouraged to hydrate between the Discrete Movement
Sequence and the Task Sequence. LEHP staff provided constant monitoring for signs of extreme
fatigue or overheating (red face, labored breathing, copious sweating).

Following completion of the motion routines, the participant doffed all test items, solo, in proper
doffing sequence. After doffing, the participant completed the HFE questionnaire again.

Throughout testing, participants were encouraged to provide additional observations regarding
comfort (such as pressure, confinement, rubbing, chafing, and thermal discomfort) and the
experience of donning and doffing the garment. All supplemental information was recorded
during discussion with the participants.

B.3 Results

B.3.1 Introduction

Survey items were used to create six summary variables reflecting dimensions of the garment.
These summary variables included:

Fabric Characteristics—Summary variable reflecting the three individual questions
concerning thermal comfort, stiffness, and scratchiness.

Garment Characteristics—Summary variable reflecting the five individual questions
concerning comfort of the seams, neck closure, gloves attachment, boot attachment and
overall garment weight.
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Hood—Summary variable reflecting the two individual questions concerning comfort of the
hood, and range of motion with the hood.

Range of Motion—Summary variable reflecting the three individual questions concerning
range of motion of the arms and legs as well as ratings of overall motion.

Heat Factor—Summary variable reflecting the two individual questions concerning the heat
factor associated with wearing the garment (with and without the mask).

Donning Ease—Summary variable reflecting the single question concerning the ease of
donning and doffing the garment.

Analysis of variance was conducted to assess differences between the various garment
configurations for each of these summary variables.

B.3.2 Fabric Characteristics

Mean ratings of questions pertaining to fabric characteristics (thermal comfort, stiffness, and
scratchiness) indicated strong acceptance of these characteristics of the fabrics evaluated.
Thermal comfort across all garments was rated in a range indicating neutral heat loading (M =
4.58 [0.96] on a 7-point scale where 7 indicated very comfortable), Ratings of Stiffness (M =
2.84 [0.96]) and Scratchiness (M = 2.89 [0.88]) were in the range indicating perceptions of
relative softness and smoothness, respectively. Analysis of variance did not indicate any
significant difference among the different garment configurations with respect to the fabric
characteristics (F (4, 14) = 1.71, p < 0.20)

B.3.3 Garment Characteristics

Garment characteristics (seam comfort, neck closure, glove attachment, boot attachment, and
overall weight) were generally well rated for the various configurations (see Table B-1; higher
scores indicate greater perception of comfort). Each individual characteristic was rated on the
comfortable end of the rating scale. Analysis of variance did not indicate any significant
difference among the different garment configurations with respect to the garment characteristics
(F (4, 14) = 0.75, p < 0.58).

Table B-1. Mean Ratings for each of Five Garment Characteristics for Generation 4 Garment
Configurations.

Characteristic Mean Standard Deviation
Seam Comfort 4.74 1.05
Neck Closure 3.63 1.38
Glove Attachment 5.16 1.21
Boot Attachment 5.16 1.12
Overall Weight 3.11 1.05
Overall Garment Characteristics 21.79 3.29
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B.3.4 Hood

Evaluation of the comfort and range of motion of the hood were generally positive. The mean
rating for hood comfort was on the comfortable end of the rating scale (M = 4.16 [1.26]),
whereas the range of motion in the hood area was viewed as modestly restricted (M = 4.32
[1.11]). Participants in LEHP HF evaluations rated the closure at the front neck edge to be
relatively comfortable (M = 3.63 [sd = 1.38]). Analysis of variance did not indicate any
significant difference among the different garment configurations with respect to the hood (F (4,
14) = 0.40, p < 0.81).

B.3.5 Range of Motion

Participant ratings did not indicate noticeable restrictions in the range of motion for each
assessed area of the garment: arm motion (M = 3.16 [1.176]), leg motion (M = 2.47 [0.97]), and
overall motion (M = 3.11 [0.81]). Rather, each area was judged to have minimal restriction in
the range of motion. Analysis of variance did not indicate any significant difference among the
different garment configurations with respect to the range of motion (F (4, 14) = 0.34, p < 0.85).

B.3.6 Heat Factor

Each garment configuration was judged to be relatively thermal neutral for both the full suit with
mask and hood (M = 4.89 [1.05]), and without hood and mask (M = 3.37 [1.12]). Analysis of
variance did not indicate any significant difference among the different garment configurations
with respect to the range of motion (F (4, 14) = 0.26, p < 0.90), nor was the heat factor with
mask and hood on judged to be significantly different from suit without hood and mask (t (18) =
0.42, p <0.68).

B.3.7 Donning Ease

Participants rated each garment configuration to be relatively easy to don (M = 4.05 [1.51]).
Analysis of variance did not indicate any significant difference among the different garment
configurations with respect to donning ease (F (4, 14) = 0.79, p < 0.55).
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Appendix C
Reprint of Philadelphia University LEHP FAST Testing Notes—July21-22, 2009

Reprint starts on next page.
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FHIL ADELPHIA UNIVEESITY - LEHP FAST Testing Notes
JULY 21-22, 2009

Attendees:

LEHF: K. Hultzapple, I. Venatio

HCTEF: 5. Proodian

BETI Test Tearn: James Hanley, Jason Hill and Clint Clasgton.

Test particip ants (TPs):

TP-#9
' TP approwved for testing based on availability: Weight 147 iz outside JPACE Size 40
weight range (1252000, Height 67-102 which is ¥%-inch outside the Begular height on
JPACE prediction charts.
*  Long hair is worn ina pony tail at nape of neck during testing
" Thizs TP sweats profusely. His T-ghirt iz altmost completely soaked when test is complete
' Subject measurements:

Body Location Measurement
Heck lé
Chest 38
High point to waist 21-144
Walst band 35-1i4
Waist - natural 36
Hip 38-102
Center back- Sleeve Length 31-152
Faglan Sleeve Length 28
Cross Shoulder 17-112
Back Length 22152
Ingeam 25
Cutzearn 30

» TP#3
TP approwved for testing based on availability. Weight 213 iz slightly outside JPACE Size
A0 weight range (185-200). Height iz ¥-inch over Regular height on JPACE prediction
charts.
' Subject measurements:

Body Location Measurement

Heck 16-314
Chest 43-172
High point to waist

Waist band 41
Waist - natural 41-172
Hip 44
Center back-5leeve Length 36
Sleeve Length —bent arra 38
Raglan Sleeve Length 32-112

E.LFHF FRIT Ho &:21-22TOL0S FITAL doc
Pap lofll

104




FHIL ADELPHIA UNIVEESITY - LEHP FAST

JULY 21-22, 2009

Body Location Measurement
Crozs Shonlder 20
Back Length 2
Inseam 34102
Cutsearn 43

v TP

Testing Notes

* TP approved for testing based on availability. Weight 192 is within the range for JPACE
Size 40 weight range (1852000, Height 67 which is 1-inch outside the Regular height

oh JPACE prediction charts.
' Subject measurements:
Body Location Measurement
Neck 16-114
Chest 41-574
High point to waist 22-172
Waist band 39-172
Walst - natural 40
Hip 41
Centerback
Sleeve Length 1
Raglan Sleewe Length
Cross Shoulder a0-142
Back Length 20-374
Insearn 30
Chtgeatr 38

Test Schedule: Initial matrix was adjusted as testing proceeds.

Tues | Tues Tues Mied | Wifed fed
200 100 1330 800 | 1100 | 1330
Cowerall {Gend) with
Undergarment 3 4 3
Coat/Trousers (Gens)
with 2-pieced el 4 g
Undergarmmerit
J5 G Pl mask
and butyl hood X X X Ed Ed X
T mil butyl
with cotton liner K bt bt K K bt
Gh0 X X X ] X X

E. LFHP FET Ho &:21-22TOLOS FOTAL doc
Pagp 2ofll
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PHIL ADELPHIA UNIVERSITY - LEHFP FAST Testing Notes
JULY 21-22, 2009

Test [tem Descriptions:

Gend Coverall
Design: One piece coverall with attached hood. Designed to fit the JSGPM. Features include
canister straps, two front neck flaps, an asyruenetrical center front zipper, a left sleeve doffing
zippet, two way relief zipper, articulated elbows and knees, knee pad pocket with rernosrable
kriee pad, elhow dhrasion patches, interior waist belt, zipper pull tab, shoulder retention
harness, and hood stowage system.

Ilatenals: TEC

Gend Undergarment
Design: Fitted one piece bodsy suit with knit ankle and leg euffs with center front asvmtmetrical
zipper and two way relief zipper.

Ilatenals: 654 (stretch)

Gend Balaclava
Design: Balaclava style hood with elasticized opening at face to accorarnodate the TGPV

mask. Balaclara comes to mid upper chest and mid upper back with shaped areas for
shoulders.

Ivlaterials: 34 (stretch)

GenS Uniform (Coat & Trousers) (note: used Gend Balaclava for this testing)
Design: The coat features a bi-swing back with gripper patches at the shoulders to prevent gear
slippage. The sleeve mcludes an articulated elbowr with a reinforcernent patch and shaped wrist
cuffs. The pant sits high on the waist and includes a zip fly and side size adjustraent straps.
Redesigned articulated knees improve movement, but still include the knee pad pocket with
rernoyable knee pad. Ankle cuffs are elastic with a Velcro pull tab. The coat and tromsers forra
an integrated unit when zipped together at the waist. An internal reraceable skirt is attached to
the coat that zips

Materals: TEC

GenS Undergarment (Shirt & Drawers)
Design: Undergarinent shirt includes an asyrometrical center front zipper, with backup flap for
cornfiort and knit cufts. The drawers feature a bigh waisted style along with knit cuffs and
waist band,

Ivlaterials: TEC

E.LFHP FRI'T Ho t:21-22TTLOS FINAL doc
Page Jafll
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PHIL ADELPHIA UNIVERSITY - LEHFP FAST Testing Notes
JULY 21-22, 2009

Tuesday — July Z1st
0830 TEST
Design: Configuration:
Gend Coverall with Gend One-pieced Undergarment & Gend Hood (TP #3)
TP wore 2004 J5GPL mask
Thiz specific gartnent has been throngh internal LEHP Hurnan Factors

Pre-Blacklighting: OK

Donning:

+  Legbhottorn of UG drawers wormn inside cormbat boot, Then GVO. Leg bottorn of Coverall
gecred over GVO.

+  When closing UG Shirt zipper, TP positioned end at front. . top of zipper is off-set to the laft as
wort. Meed to ensure the top of zipper i off-set when worn to reduce potertial of Dritation at
Center front neck.

+ TP had some difficulty closing front zipper on coverall. .. tab at bottom helped. Shouldican
that carve be flattened some?

+  Gendbalaclava positioned on JSGPW before donning. Onee mask is secured in place,
balaclavra is pulled over head and then tucked inside coverall. Center front coverall zipper is
closed to neck. Hookfoop of left and right flaps are secured and straps closed around filters.

+ Fit: Hood, shoulders, torso (cire and lerngth) ave good fit. Also sleeve length and knee location
are good. Leg length looks short (bottom of leg falls above middle GVO closure after
movernent). Grood overall range of motion including bead and shoulders.

Test: Test completed without issue. Subject covered completely with stirmlant

Doffing:

+ Post-testfpre-doffing: left bottorn outer and top right outer kree retention strap were open. It
looked like the bottom straps opened and reclosed. Laghottors settled at the top closuare of the
V0. Mo tabs on filter straps

+  HNeed more loop at B to secure Hood neck flaps

+  Vellow siraulant on CF and left doffing zipper teeth which was visible to the naked eve. &lsoa
significant deposit on the top of the mask eye lens and also on the balaclava along interface

+  Heed thong on undergarment zippers

+  HNowisihle sitnlant on the undergarrnent

+ TP comments: overall one of the most comfortable CB Garments worn. Liked the fact that it
stretches with movement. Garrnent is not restrictive, cool and light. Zipper pull at CB was
mildly uncomfortable ; it s unelear whether this is from the coverall or the undergariment.

Black lighting:
* Belatmeely clean. Only one spot at right ternple even with top of ear.

Recommendations for next run:
' Slesves — none
" Legs —undergarment legbottor to be worn outside corbat boots.

E.LFHP FR'T Ho t:21-22TTLOS FINAL doc
Pagm ¢+ ofll
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FPHIL ADELPHIA UNIVERSITY - LEHF FAST Testing Notes
JULY 21-22, 2009

Tuesday — July 21st
1130 TEST
Design: Configuration:
Gend Coverall with Gend One-pieced Undergarment & Gend Hood (TP #4)
TF wore 2004 TSGFI mask
Coverall produced specifically for FAST- newver worm

Pre-Blacklighting: OK

Donning:
+  Leghottorn of UG dravrers wom outside cornbat boot, Then GV 0. Legbottorn of Coverall
geored over GVO.
+ Fit: Hood, shoulders and torso (cire and length) is loose. &lso sleeve length and knee location
are long. Leg length looks long also. Good overall range of motion including head and
shoulders. Leg cuff on undergarrnent appears to be tight over corbat boot,

Test: Test corapleted without issue. Subject covered corpletely with stirodant

Doffing:

Post-testipre-doffing: Cuter neck flap flipped up. Kree straps did not open during test

Carmot secure neck flaps to loop at OB until after filter straps are released.

Wizihle wellow siranlant on zipper teeth of hoth extry zippers

3V 0z doffed and coverall was doffed ower the corabat boots and then glovves were doffed. TP

was re-2loved

+ Balaclava was pulled over head. Test assistant gathered outer edges of balaclava around mask
and doffed

+  Comwbat boots undaced and nndergarmentboots doffed together

+ Checked mterface of balaclava to mask and there appears to be a potential path just below the
terople area on each side {outer shape of TSGFPM and stretching ofbalaclava creates this woid).
Tearn will “fill the woid™ with extra material at each side for next mn

+ TP stated the mask was comfortable.

+  Woidbetween balaclava and JTSGPM may be cansing the very slight contaminant hazing on
terople area to upper neck where lower mask strap is located, barely wistble. (hand held black

Light)
Black lighting:

Legslarros clean

" One spot on left front neck (perhaps from re-aerosolization)

*  Head from teraple area to back of ears slight haze (could see outline of straps). Slightly darker
at each ternple.

Recommendations for next run:
v Slesves — none

' Legs —remove onleg cuff on undergarment and position outside corabat hoots.
* HeadMeck — Add teraple inserts onto cathon balaclaw to £l woid with JSGFIV

E.LFHP FR'T Ho t:21-20TTLOS FIMAL doc
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FHIL ADELPHIA UNIVEESITY - LEHP FAST Testing Notes
JULY 21-22, 2009

Tuesday — July 21st
1500 TEST
Design: Configuration:
Gend Coverall with Gend One-pieced Undergarment & Gend Hood (TP #0)
TP wore 2007 T33PV mask
Corverall produced specifically for FAST- never worm

Mo difications: Laft leg bottor cuff rermored (vew cive of leg bottor = 13 inches), right cuff’
cire increased with duct tape (new cire = 13 inches). Orginal cuff cire = 10-154 inches.
Folded stretch cufY material in setni citele shape added to each termple area of the balaclava.

Pre-Blacklighting: OK

Donning:
+  Both undergarment leg bottors worm ontside the combat bhoot
+ Fit: Underganment fit OF. Onter garment is very loose over the TP, Sleewes 3 inches too long,
legs at least 3 inches too long. Torso long — waist belt needed tobe worn rather high to “take
up™ excess torso length, Knee on garment low on TP too.
+ Interface of coverall hood to mask uneven fror side to side. Left temple area of hood does not
“rnatch”™ mask. Added padding on balaclava seermed to “fill the woid”

Test: Test completed without issue. Subject covered cornpletely with stirolant.
Doffing:
+  Post-testipre-doffing: GWOs bottorm closures were mismatched . one higher than other. RTI
checking to see ifboots are satue size.
+ A1l knee straps stayed closed
+  Meed to make filter tabs longer (1/2-inch) on coverall hood
+  Mowisihle yellow stimmlant on subject or unde rgarment

Black lighting:
* Legs clean — no real need for onff. Also lower leg canbe wormn outside corwbat hoot, 5 iraple
layering with GVO and outer garment creates block of aesrosol
»  Slight light bluigh palv sized haze over back and shoulders betwe et shoulder blades
*  Slight light haze on upper neck to teruple on both sides — added material in terple area of
halaclava seetns to improve protection here, better performance than test 1 and 2
' Clear light deposit on upper left forehead - rounded shape (could this be a finger transfer?)

Cherall recommendations for Gend system:
+  Coverall
Work on tabsfeeleyo on knee pads
Work to potentially elirdnate cheek pads in hood
Lengthen CB loop 2-inches for attachenent of neck flaps during doffing.
MNeed to make filter tabs longer (1/2-inch) on coverall hood

Lo I I |
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FPHIL ADELPHIA UNIVERSITY - LEHF FAST Testing Notes
JULY 21-22, 2009

o &dd 2-inch thongs (fabric pulls) to zipper sliders

+  DUndergarment
o Add 2-inch thongs (fabric pulls) to zipper sliders
o Eliminate rio knit cuff on leg bottorm. And replace with body material caff 13 inch cire
and satne height as current cuff
o &dd stops for 2pper (center front waist and crotch zipper)
0 Sleewe cuffs ave OF
+ DBalaclava
o Add additional laverfs of material at teruple area to “fll TSGPL woid”. Can’t test a
different mask because hood is custom to mask.

&horve highlighted iterns to be incorporated into test items for Contarninated Doffing

E.LFHP FEI'T Ho t:21-22TTLOS FINAL doc
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PHIL ADELPHIA UNIVERSITY - LEHP FAST Testing Notes
JULY 21-22, 2000

Wednesday — July 22nd

0830 TEST

Design: Configuration:

GenS Uniform (CoatTrouser) with Gens Undergarment (Shirt & Drawers)
& Gend Hood (TP & 3)

+  Added additional layerfs of material at ternple avea to “fill ISP void”.
+ TP wore 2004 ISP mask
+  Specific Coat/ Trouser produced for F& ST — never worn prior
¢ bdded duct tape onto canister cord pull tabs to make longer

Pre-Blacklighting: OK

Donning:
+  Undergarment drawers
o Leg cuff worn inside combat boots, GV O3 worn over
o Appeared to fit OF and length was O
+  Undergarrnent shirt
o Too short (at least 4 inches and more inback) on this subject. Tucked shirt mto drawers
for this test to potentially elirdnate bare skin
o Meed to ensure that protecte fly is in correct position duwring doffing.  Should be flat
under the zipper
o Cirenmwference of shirt OF
o Sleewe length O
+  Uniform Trousers
o Wery stug on this TP. . he is outside the JPACE 40F. dimensions (43 chest etc), he
conld have nsed about two miore inches at waist
o Welcro at waist skirt opened when TP sat to donboots
o Length too shott (after donming GVOsz, closing leg tabe and moving around - leg
hottoms shifted to just below top of GYOs
o Knee width appeared to be O 5o knee pad straps were WOT engaged
+  Uniform Coat
o Smug on this TP - again he is outside JPACE 40F diraensions
o Upper Coat (shoulders) O (hi-swing was closed) on this TP but from under arm to
bern abit stug
o Chest cire was stmg
o Inner skirt cire was snug and closed weloro palled in standing position - after rovernent
(sitting etc) the closure opened and had to be re-secured
o Lowerback conforms well to bodsyr
o Sleeve length — OF After closing sleeve tah

Test: Test corapleted without issue. Subject covered corpletely with sivanlant

E.LFHP FEI'T Ho & 21-22TOL0S FIMAL doc
Pagm Zafll

111




FHIL ADELPHIA UNIVERSITY - LEHF FAST Testing Notes
JULY 21-22, 2009

Doffing:
+  Triform
o Left trouser legbottorm shifted up and just covers top closure. Right leg bottorm shifted
ghoree top closure but not above the GVO. For this TP.. legs should be dhout 3 inches
longer
o Doffing assistants had difficulty operning the leg hottoms. Tab becarne canght on casing
edge and it was difficult to get tab to retract into the casing. Solution: increase length
of tahfreduce elastic or widen casing opering at top to accept tab.
o Longer tape on filter straps and duct tape color provided easier doffing of straps
Hood doffing worked good — yellow sitnulant at B ternple and less at L
0 Under garment
* Looks clean — no yellow
»  Shirt stayed under top of drawers. Doffing assistants folded top of drawers
down to doff shirt. Shirt peeled off easily. This fold provided means to easily
doff drawers
" Leghottors remained in position at ankle— leg length OK for this subject. Doff
eagily
o TP notes: this enserable warrner than coverall, but less restrictive while doing high
teach, Only mild discordbort while lying on stomach from zippers.

Black lighting:
* PerTP
o Sleeves were very comdbortable — no restriction when reaching high
o Some discorafort when lying on stomach from all layers
o Welcro at center opened at start of testing and rernained open

*  Faint haze at sock line or ' both front legs (left more than right)

*  Front chest to just abowe waist haze of bluish sitnalant. Just left of median at top of iwer skirt
location long srrmdge of simulant. Appears that there was no simmlant haze in the ares on the
zipper protecttve fly. Perhaps this UG material shouldn’t be stressed? Is the sirmulant
penetrating the catbon fabric?

*  Hight arm two paralle]l lines aboeee wrist

*  Head —right temple and ahowe ear faint haze of sirnulant in & triangle shape from presurnably
the rnask straps outline

(=]

Eecommendations for next run:
* TG shirt to be worm outside drawrers — ensure protecttve fly is flat and in place
Sleeves — none
Legs —remove leg cuffs
HeadM eck —added raterial at teraples to fill void
Crerall check fit of UG and Uniform

Wednesday — July 22nd
1130 TEST
Design: Configuration:

E.LFHF FR'T He t:21-22TTLOS FINAL doc
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FPHIL ADELPHIA UNIVERSITY - LEHF FAST Testing Notes
JULY 21-22, 2009

GenS Uniform (CoatTrouser) with GenS Undergarment (Shirt & Drawers)

& Gend Hood (TP & 4)

TP wore 2004 TGP mask
+  Specific Coat! Trouser produced for FA ST — never wom prior
+  Added additional lagerfs of material at ternple area to “fll T3GPY woid™
+  Filter tabs longer { 1/2-inch) on coveerall hood
+  Leg cuffs reracved from Undergarraent drawrers and thesy will be wom outside the

cotnbat boot

Pre-Blacklighting: OK

Donning:
+  Undergarrnent drawers
0 Length OK on this TP without the onffs
o Oreerall £it iz OF — with material loose on the body
+  Undergarrment shirt
o Protective fly is in corect position - flat under the zipper
o Cire of shirt is OF — with rnaterial loose on the bodsy
o Back/Front Length — short. Meed to add at least 3-4 inches
o Sleeve length — abit long bt ok.
o Shirt worn over drawers (not tucked in)
+  Trniform Trousers
0 Waist/Hip — stng on this TP. High waist folded down when TP gat down. Upper
trouser should hawe ease (increase cire) because there is adjustrnent with the waist tabs.
The mner skirt should “float™ abit Recommend imcreasing cire at waist and top of
trousers at least 2-inches. Subject has 40-inch waist. . needs more ease especially if
womm over two layers of undergarment. Check TSLIST specs to confirm waist addition,
pethaps TP is too large for Idedinmm Tlale.
o Knee length - OK
o Leg Length - OF, covers second hook on GVO
+  TTraform Coat
0 Chest cite —a bit tight.
o Body length — overall good length for this subject — overlaps trouser by at least 12-
inches
0 Inmer skirt —cire needs to be increased 20 it clogses properly (on this TP this closure was
strained). Meeds more refinerment. . there is a pathway to the inside of the garment
where skirt attaches to itself’ . close with duct tape next run
0 Sleewe Length - O
o Hood - problerns with elastic interface with mask in first garraent. TP felt “air™ at right
forehead after attaching the canister straps, but not prior. & ppears the elastic was too
short and forced a fold orvoid in the mask for air to enter. Tried re-setting hood which
didn’t work. Tred second garment which worked. Elastic lengths should be checked
on all garrnents for consistent length.
0 Chest draw cord — not sure of function? Seerns to conflict with inver skirt Recommend
rerooving. . adds more balkistiffhess to torso area.
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FHIL ADELPHIA UNIVEESITY - LEHP FAST Testing Notes
JULY 21-22, 2009

Test: Test completed without issue. Subject coversd cornpletely with stirnlant

Doffing:
+ Face seal was ok throughout test. Coat stands away from front torso when T stands straight
+  Sare problemm with tronser leg bottoms — tabs/casing needs tobe fixed
+  Dlask filter strap canght wrder one filter — assistant able to rermosve for doffing
+ Hoodfnask doffed: yellow sivmlant on top of eye lens and also at teraples
+  Some yellow simulant wisihle at tope of inrer skirt. Black light TP — some yellow on coatiinner
gkirt velero and the retention flap
o Mote: It appears that sironlant does not show up on the black carbon undergarraent
under the hand held black light. Vellow siraulant was visthle in regular light on right
terple of balaclawa, bt not wisihle under the black light. Unable to deterraine if
sitlant is traveferring onto chest of cathon undergarrment due to breach at shirt
interface.
+  Mote: garment doffed to ankles before boots wrdaced. Assistants lifted garment to undace boots
and doffed garment without issue
+  Shirt rernairied ower drawers with a 2 inch overlap

Per TP — this systern move comwdortable than coverall ensemwble but wattmer

Black lighting:
*  Wague line of sirlant at sock line of both front legs, darker on left
*  Bright vellow sirmlant about % inchbelow and 1 inch foreeard of ears on jaw line —both sides
unahle to deterrine what this spot is frowe Possthle from opening lower rask straps??
Sirnalant too low on face tobe fror tergple breach.
*  Faint haze over top of torso and front amws. (presurnab Iy fror voids in rmer skirt) —will duet
tape woids for next test.

Becommendaitions for nexi run:
v Sleeves —none
Legs — remove cuffs
*  HeadMeck — removre cathon cord
Coat —duct tape woids on inner shirt

Wednesday —.July 22nd
1330 TEST
Design: Configuration:
GenS Uniform (CoatTrouser) with GenS Undergarment (Shirt & Drawers)
& Gend Hood (TP & 93 TP wore 2007 ISGPL mask

+  Added additional layerfs of material at tergple area to “fill JT3GP woid™
+  Filter tabz longer { 1/2-inch) on coserall hood
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FHIL ADELPHIA UNIVEERSITY - LEHP FAST Testing Notes
JULY 21-22, 2009

+  Remove carbon cord from hood
+  Clogevoid at top of inmer skirt with duct tape

Pre-Blacklighting: O

Donning:

+  Dirawers — length OF

+  Shirt —length short overlaps only about d-inches and should be more. Shirt wom over drawrers
for testing

¢ Trousers —overalla loose fit and ok in length, Tabs adjusted at waist to secure fit. Leg tabs
secured so ends were inside casing. . this should belp doffing

+  Coat —overall a loose fit and ok in length. Crerlap with trousers is 12-14 inches.

+  Irmer skirt —still too tight. Fecorrnend more Velcro for adjustment or different positioning.
Closure was duct taped for this test (see photos).

+  Per TP when filter straps are engaged. . the corfiguration of the mask interface changes —nose
cup as well as forebead area is different. Really need QF testing to ensure the face seal is not
cornprotnised. Passed fit integrity test per BTL

Test: Test completed without issue. Subject covered completely with stivmlant

Doffing:

+ Right side of hood at top of filter — point is setting away frorm the mask.

+  After doffing hood — yellow siranlant visible on top of eve lens and along temples. Could zee
yellow along teraple avea and ower front top of head onbalaclawra where elastic inside shell
hood stopped sirinlant. Pulled balaclawa over head and black light head- sirmlant visihle at
right ternple.

+ DBlack light — inner skirt duct tape. .. slight yellow haze and heavier deposits.

¢+ ParTP

o Body hair on legs (knees) iz pulled by undergarment material when TP movwes. Painful
at times

o Orverall this ensemble iz more cordortable with increased range of motion of bodsy and
arms over coverall enserdble

o DNlask —if TP had sudde nlsy maoveed he felt that seal at said aveas at side forehead would
havee breached. Likes this mask because there is least pressure on the face. After
donning rnask — when filter strape on hood were engaged. | configuration of mask went
fror wertical oval to more horzontal owal

Black lighting:
*  Pozzihle haze at sock live
*  Relattvely clean. Only one spot at right terple even with top of ear.
*  Clean at chest — tape st have blocked the pathoasay that the siroalant was getting into. Skirt
teeds to be revised to provide abetter seal.
* Slight haze on upper back between shoulder blades
*  Bright mark on right jaw line on edge of mask.

E.LFHF FR.iiT Ho %:21-22TOL0% FINAL doo
Page 11 0f13

115




PFHILADELPHIA UNIVERSITY - LEHP FAST Testing Notes
JULY 21-22, 2009

Eecommendations for nexi run:

Sleeres — none
Legs —none
HeadM eck — optirnize hood/mask interface

Owerall recommendations for GenS system:

Dty Uniforen - Coat
0 Meed to make filter tabs longer (1/2-1nch) on coverall hood
o Inmer skirt closare — more Velcro/different position. &lso look at sizing
o Hood sizing — review
o Look at sleesve hem contour — OF on last two subjects

Dratyy Uniforrs - Tronser
o L&dd 2-inch thongs (fabric pulls) to zipper sliders
0 Revisit sizing — is waist too stnall.

Undergarment - shirt
o &dd 2-inch thongs (fabric pulls) to zipper sliders
o Ldd stops for zpper (center front waist and croteh zipper)

Undergarment Drawers
o Elirdnate rib knit euff on leg bottoras. &nd replace with bods material cuff 13 inch cire
and zame height as cwrvent ouff
o Sleeve cuffs OF.
Balaclava
o Ldd additional laseris of material at teraple area to “fill T3EP woid”.

Ehore highlighted iterns tobe ncorporated into test iterns for Contaminated Doffing
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Appendix D

Reprint of Philadelphia University Fluorescent Aerosol Screening Tests (FAST) Test Report—
July 31, 2009

Reprint starts on next page.
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Philadelphia University

Fluorescent Aerosol Screening Tests (FAST)

Test Report

Purchase Order Number: BO001250
RTI Project Number: 0210914.042

Prepared by:
Jason S. Hill

919-541-7443
jhill@rti.org

July 31, 2009

INTERNATIONAL

Test Series

—Six aerosol challenge FAST tests for Philadelphia
University’s Laboratory for Engineered Human
Protection (LEHP) were performed at RTI International.

— Tests focused on evaluating the overall performance of
two prototype garment ensembles.

— Testing was conducted on July 21st and July 22", 2009.

—Black light (UV) photographs were taken to document
areas of aerosol deposition on the skin of the test
participants.

—LEHP and Natick representatives were on-site to
observe the tests and to assist with proper and
consistent donning and doffing of the test ensemble.
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Test Conditions

— Fluorescent challenge aerosol:
* “nuisance dust”

* Amorphous silica tagged with two tracers:
— Sodium fluorescein (quantitative analysis)
— Tinopal (visual response under black light)

* 2.5 um aerodynamic mass median diameter
+ Solid-phase (i.e., dry, not liquid)

— 10 mph wind speed

— 30 minute exposure time

—CT =~ 5,000 mg m=3 min

—“JSLIST” motion routine

Exposure Chamber
(photo from prior testing)

q 25" x50’

10 mph

~ TO"F
~50% RH

~ 170 mg/m3
2.5 pm MMD
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Motion Routine
(Same as used on JSLIST)

« Standing
» Walking
* Bending
» Reaching
» Squatting
» Twisting
* Running in place
* Prone firing position
» Laying on back

Black Light Photographs

* |n the black light photographs:
— Areas of heavy aerosol deposition appear as relatively bright green.
— Areas of lighter deposition appear blue.

* The following areas of the skin have a bright natural
fluorescence even in the absence of aerosol deposits.
Brightness in these areas does not indicate a problem with the
garment system:

— Backs of the elbows

— Palms and soles of the feet

— Toenails and fingernails

— White lint from garment or underclothing

« Pre-test black light photos of each test participant are included
for comparison to post-test photos.
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Ensemble Components

The following items were common to all of the
tested garment configurations:

Briefs, PT shorts, and black athletic socks
14-mil butyl gloves and short cotton liners
Combat boots and GVO overboots
JSGPM mask

Test Matrix

7/21/09 | 7/21/09 | 7/21/09 | 7/22/09 | 7/22/09 | 7/22/09

Date &Time 1 g3 | 11:00 | 13:30 | 830 | 11:00 | 13:30

RTI Test # 1812 1813 1814 1815 1816 1817

Test Participant 3 4 9 3 4 9

) ) c I c I c I Two- Two- Two-

Configuration / || ~overal. || overal, | overal, | g0 Piece, Piece,
inerand | innerand. | inerand inner and | inner and | inner and

Gafment outer outer outer

outer outer outer

Mask JSGPM | JSGPM | JSGPM | JSGPM |JSGPM |JSGPM
Boot Combat | Combat | Combat | Combat | Combat | Combat
i &GVO | &GVO | &GVO | &GVO | &GVO | & GVO
Gloves Butyl w/ | Butyl w/ | Butyl w/ | Butylw/ | Butyl w/ | Butyl w/

liners liners liners liners liners liners
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Background UV Photos
Test Participant #3

appears white under UV light.

Background UV Photos
Test Participant #3

Pre-test photos. The test participant’s forearms have a darker appearance than his upper arms
under UV light.
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Background UV Photos
Test Participant #4

Pre-test photos. The back of this participant's neck has a fairly dark appearance under UV
light due to the presence of a suntan.

Background UV Photos
Test Participant #4

Pre-test photos. The forearms and noticeably darker in appearance than the upper arms and torso,
again, due to suntan. Also, the thighs are somewhat brighter than the lower legs.
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Background UV Photos
Test Participant #9

Pre-test photos. This test participant has long hair which hangs farther down the back of
the neck than on the other test participants. Notice the naturally bright spot on the forehead
as highlighted by the red circle.

Background UV Photos
Test Participant #9

Pre-test photos. With the exception of some bruises and body hair, this test participant's skin has a
naturally bright and relatively uniform appearance under UV light.
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Test #1812, Coverall
Pre-Test Photos

For this test, the ensemble was donned
without any modifications to the
garment or the donning procedures.

Test #1812, Coverall
UV Photos: Head and Neck

P

&

There was a distinct, bright line of deposited aerosol near the right temple, possibly
indicating a localized breach of the hood-mask interface. The head and neck otherwise
appeared clean.
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Test #1812, Coverall
UV Photos: Torso and Arm

o~

The torso and arms appeared clean except for a light covering of lint, which
appear as white specks.

Test #1812, Coverall
UV Photos: Legs

The legs appeared to be relatively clean. The small, white specks of brightness near the
knees were due to lint, not the fluorescent test aerosol.
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Test #1813, Coverall
Pre-Test Photos

For this test, the ankles of the black inner suit
were donned over the combat boots. During
the test, the front neck flap closure flipped up.

Test #1813, Coverall
UV Photos: Head and Neck

A small, Kellow track mark was seen at both temples. The sides of the face and the ears
had a light blue haze of deposited aerosol. The “clean” areas under the mask harness
straps were clearly visible and are indicated here by the red arrows.

127



Test #1813, Coverall
UV Photos: Torso and Arms

There was a considerable amount of lint on the arms and torso, but there wasn't much visible
aerosol. The black light photographs indicate a faint patch of green on the back of the right
shoulder, as highlighted by the red circle.

Test #1813, Coverall
UV Photos: Legs

The legs appeared to be relatively clean. The small, white specks of brightness near the
knees were due to lint, not the fluorescent test aerosol.
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Test #1814, Coverall
Pre-Test Photos

For test 1814, the ankles of the black inner
garment were modified. The elastic on the
right ankle was cut vertically and duct taped
together to give a larger circumference. The
left ankle elastic was removed completely.
Both ankles were donned over the black
combat boots.

Test #1814, Coverall
UV Photos: Head and Neck

-5 N N
There was a light blue haze around the ears. The bright spot on the upper left forehead due to the
natural fluorescence of the test participant’s skin, as seen in the background photos.
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Test #1814, Coverall
UV Photos: Torso and Arms

The arms and torso appeared to be mostly clean. The only observed aerosol deposit was a faint
blue patch between the shoulder blades.

Test #1814, Coverall
UV Photos: Legs

The legs appeared to be relatively clean. The small, white specks of brightness near the
knees were due to lint, not the fluorescent test aerosol.
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Test #1815, Two-Piece
Pre-Test Photos

The black inner garment shirt was worn
tucked into the inner garment pants. During
the test, the ankles of the outer garment
rode up above the top loop of the GVOs.

Test #1815, Two-Piece
UV Photos: Head and Neck

A light level of aerosol deposition was visible on the right cheek and in the hair just above
the middle mask strap.
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Test #1815, Two-Piece
UV Photos: Torso and Arms

There was a light level of aerosol deposition on the central chest and downward along the
centerline of the torso, generally in the area of the shirt zipper.

Test #1815, Two-Piece
UV Photos: Legs

There was a very light blue haze on the shins above the top edge of the socks. This low
level of aerosol deposition was almost imperceptible on the right shin.
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Test #1816, Two-Piece
Pre-Test Photos

The black inner shirt was donned over the
black inner pants. The elastic around the
ankles of the black pants was cut off, and the
ankles were donned over the combat boots.

Test #1816, Two-Piece
UV Photos: Head and Neck

There was a blue haze on the cheeks and around the ears. Additionally, there was a small

yellow hots ot on both sides of the face. The cause of the hotspots was not immediately
apparent. he lower mask straps are visible below the hotspots.
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Test #1816, Two-Piece
UV Photos: Torso and Arms

There was a light blue haze on the central chest, indicating a low level of aerosol deposition.

Test #1816, Two-Piece
UV Photos: Legs

There was a light blue haze on the left shin above the top edge of the sock. The small,
white specks of brightness near the knees were due to lint, not the fluorescent test aerosol.
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Test #1817, Two-Piece
Pre-Test Photos

The waist closure of the outer garment was
heavily duct taped to try to minimize aerosol
infiltration at that interface. As in test 1816,
the black inner shirt was donned over the
black inner pants. The elastic around the
ankles of the black pants was cut off, and the
ankles were donned over the combat boots.

Test #1817, Two-Piece
UV Photos: Head and Neck

. .

Light to moderate levels of aerosol deposition were visible on the cheeks and under the chin,
including a line of moderate deposition on the left cheek.
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Test #1817, Two-Piece
UV Photos: Torso and Arms

The torso and arms appeared relatively clean.

Test #1817, Two-Piece
UV Photos: Legs

A light blue haze was visible on the lower legs, indicating a low level of aerosol deposition.
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Summary / Observations

— The Coverall ensemble:
— Testresults indicated little or no aerosol deposition on the arms, legs, or torso.
— There appeared to be a small patch of light aerosol deposition near the shoulder

blades for tests 1813 and 1814.

— All three tests of this configuration exhibited aerosol deposition on the sides of the

face and/or hair, probably as a result of infiltration through the mask/hood interface.

— Modifications made to the ankles of the inner garment did not have a noticeable

effect on the results.

— The Two-Piece ensemble:
— This ensemble allowed somewhat more aerosol deposition on the body than the

Coverall ensemble, though deposition levels were still relatively low.

— Fortests 1815 and 1818, there was light deposition on the central chest and

downward along the centerline of the torso. For test 1817, in which the waist
closure was sealed with duct tape, little or no deposition was observed in this area.

— All three tests of this configuration exhibited light to moderate levels of aerosol

deposition on the sides of the face and/or hair, probably as a result of infiltration
through the mask/hood interface.

— Maodifications made to the ankles of the inner garment did not have a noticeable

effect on the results.

Donning Procedures: Coverall
(abbreviated)

hal e s

& »

8.
9.

10.
11.

12.

Don the briefs, PT shorts, and socks.
Don the black inner layer coverall and zip up the front.
Don the outer layer coverall up to the waist.
Put on and lace the combat boots.

+  The position of the inner layer ankle relative to the combat boot varied by test.
Don GVO and secure the hook closures.
Position outer layer garment legs over the GVO and secure the hook and loop
closures.
Don the rest of the coverall over the shoulders and position the inner strap around
the waist.
Earplugs.
Don short cotton glove liners and butyl rubber gloves, positioning the rubber gloves
between the inner and outer garments. Secure the hook and loop wrist closures.
Don the JSGPM mask and secure the harness straps.
Position the black inner layer balaclava over the head and shoulders, and tuck it
into the outer layer coverall.
Paosition the hood over the head and secure all closures.

137




Donning Procedures: Two-Piece
(abbreviated)

1. Don the briefs, PT shorts, and socks.
2. Don the black inner layer pants.
3. Don the black inner layer shirt and zip up the front.
+  The overlapping of the inner shirt and pants varied by test.
4. Don the outer layer pants.
5. Put on and lace the combat boots.
+  The position of the inner layer ankle relative to the combat boot varied by test.
6. Don GVO and secure the hook closures.
7. Position outer layer pants legs over the GVO and secure hook and loop closures.
8. Don the outer layer coat, secure the circumferential zipper, and secure the vertical
zipper up to mid-chest.
9. Earplugs.
10. Don short cotton glove liners and butyl rubber gloves, positioning the rubber gloves
between the inner and outer garments. Secure the hook and loop wrist closures.
11. Don the JSGPM mask and secure the harness straps.
12. Position the black inner layer balaclava over the head and shoulders, and tuck it
into the outer layer coat.
13. Position the hood over the head and secure all closures.
Doffing Procedures: Coverall
(abbreviated)
1. Spray the entire ensemble with a light water mist.
2. Using damp sponges, decon the ensemble from head to toe.
3. Open the hook and loop wrist and ankle closures.
4. Unhook the loops securing the GVOs.
5. Starting with the right, the test subject steps out of the GVOs.
6. De-lace the combat boots.
7. Open hook and loop closures at the neck, and unhook the filter retention straps.
8. Open the hook and loop closures along the torso and arm zippers.
9. Unzip the arm and torso zippers, and fold down the flap.
10. Open the elastic waist belt.
11. With an outward roll, remove the hood over the head.
12. Pull the coverall off the shoulders and arms and down to the ankles.
13. Starting with the right, the test subject steps out of the coverall and combat boots.
14. Starting from the back, lift the balaclava over head to expose the edge of the mask.
15. Loosen the lower mask straps, and remove the mask over the head.
16. Remove the butyl gloves and cotton liners, and re-glove with disposable gloves.
17. Unzip the black inner layer coverall completely.
18. Pull the coverall off the shoulders and arms and down to the ankles.
19. Starting with the right, the test subject steps out of the coverall.
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Doffing Procedures: Two-Piece
(abbreviated)

g e L S B R T L

Spray the entire ensemble with a light water mist.

Using damp sponges, decon the ensemble from head to toe.

Open the hook and loop wrist and ankle closures.

Unhook the loops securing the GVOs.

Starting with the right, the test subject steps out of the GVOs.

De-lace the combat boots.

QOpen hook and loop closures at the neck, and unhook the filter retention straps.
Decon along the coat zipper flap.

Unzip the coat zipper completely.

. With an outward roll, remove the hood over the head.
. Doff the coat and trousers in one motion by pulling the coat off the shoulders and

arms and down to the ankles.

. Starting with the right, the test subject steps out of the trousers and combat boots.,

. Starting from the back, lift the balaclava over head to expose the edge of the mask.
. Loosen the lower mask straps, and remove the mask over the head.

. Remove the butyl gloves and cotton liners, and re-glove with disposable gloves.

. Unzip the black inner layer shirt completely.

. Pull the shirt off the shoulders and arms.

. Pull the inner layer pants down to the ankles.

. Starting with the right, the test subject steps out of the pants.
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Appendix E
Reprint of Philadelphia University Contaminated Doffing Test—August 4-5, 2009

Reprint starts on next page.
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CONTAMINATED DOFFING EVALUATION FINAL REPORT:
PHILADELPHIA UNIVERSITY PROTOTYPE GARMENTS
August 4 -5, 2000

EXECUTIVE SUMMARY

Hazmat Science Applications (HSA). a division of Northern New Mexico College.
performed Ceontaminated Doffing Evaluation of two PhilalU protective ensemble prototypes
during the pericd Angust 4-5, 2009. The evaluation was performed at the HSA facility in
Santa Fe, New Mexico; members of the New Mexico National Guard 64th WMD-CST
served as the testing participants by providing both individuals to wear the tested ensembles
as well as to perform the decontamination and doffing actions contained in the PhilaU-
provided testing scripts. A full testing day was devoted to each of the two garments; the
working schedule allowed sufficient time for familiarization of the CST members with
ensemble construction details for doffing purposes. Each ensemble was subjected to three
(3) contaminated doffing tests following garment familiarization review. Decontamination
and deffing used a PhilaU-provided script and incorporated wet methods and state-of-the-art
practices appropriate to the level of training for the 64th WMD-CST.

The results of these tests led HS A staff to conclude that the two prototype protective
ensembles are capable of being doffed while minimizing the amount of contaminant
transferred to unprotected skin and/or duty vniform beneath the protective ensemble barrier.

The Philall CDE report includes: 1) digital images relevant to the protective ensemble
configuration; 1) digital images of the HSA test garments used for evaloation purposes; and
3) scanned images of the Philall CDE data sheets. Video records may be made available
VPO request.

Page 2of 6
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CONTAMINATED DOFFING EVALUATION FINAL REPORT:
PHILADELPHIA UNIVERSITY PROTOTYPE GARMENTS
August 4 — 5, 2009

INTRODUCTION

This report presents the results of contaminated doffing evaluation (CDE) activities
performed at Santa Fe, NM for the Philall prototype protective ensembles. Other report
items, e.g.. photographs and video records. are provided separately.

The purpose of CDE testing was to determine the extent to which the prototype protective
ensembles can be doffed while mininmizing the amount of contamination transferred to
unprotected skin or duty nniform beneath the protective ensemble barrier.

This work was performed by Hazmat Science Applications, a division of Northern New
Mexico College.

TEST METHODOLOGY
Evaluation Methodelogy

The HSA evaluation methodology seeks to identify the presence of sumulant residue patterns
on unprotected skin or duty uniform. which could be attributed to specific actions or events
that take place during implementation of scripted decontamination procedures. The HSA test
undergarment can display a variety of end states with respect to transferred contaminants in
both wet and dry form: smears. smudges, or touches from hands or fingers); drags or brushes
from inadvertent rubbing between contaminated and uncontaminated surfaces; drips, ruas, or
dots attributed to leaks or other transfer of wetted contaminant onto unprotected surfaces;
"dotting" in the form of individually identifiable particles of dry. colored simulant; "hazing"
in the form of faint areas of dry simulant visible under black light illumination and having
little or no discernible pattern; or "clean" with respect to a noticeable lack of any of the states
previously described.

Test Schedule

All CDE testing was performed during the pericd Augnst 4-5, 2009.

Test Subjects

The use of human beings in testing is regulated by 43CFR46. and Nerthern New Mexico
College (NINMC) 1s registered with the U.S. Office of Heman Fesearch Protection (OHRF)
under Assurance Number JORG0005540. The protocols (incleding provisions for subject
recruiting informed consent, confidentiality, and privacy) used in this study were reviewed
and approved by the NNMC Institutional Review Board; documentation of this review was
provided to the study sponsor prior to the start of testing.

(j Hazmat Science Applications Dﬂif; gf :?]}g \\!'\:)i\jn IH\’LN
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CONTAMINATED DOFFING EVALUATION FINAL REPORT:
PHILADELPHIA UNIVERSITY PROTOTYPE GARMENTS
August 4 — 5, 2009

Test Protocol
The HSA test protocel is summarized below:

1. The HSA co-Principal Investigator completed the Informed Consent process with
ACCA participants_

2. The participant donned a test undergarment (disposable white coverall).

3. The donned test undergarment was marked in several areas (e.g.. shoulders, elbows,
navel, and knees) for post-test evaluation purposes.

4. The participant was assisted in donning the prescribed profective ensemble (jacket,
pants, boots, overboots, respirator. and gloves).

5. Digital images were collected of the dressed participant.

6. The participant was placed in an enclosure and the simmlant material was applied to
the protective ensemble as described in the HSA testing protocol.

7. The participant was escorted to the HSA processing line

Decontamination processing was completed.

9. The participant and test garment were inspected and evaleated. Data records were
collected and photographs taken of the evaluated nndergarment.

e

Digital Photography and Video Recordings
A combination of still and moving images was collected, including:

Pre-test images of the participant to document the protective ensemble confignration.
Post-test images of the test vndergarments as marked nader black light illumination
Wideo recordings of decontamunation processing line activities.

5till images of decontamination processing line activities.

el e e

Test Data

Test data include a review of residual contamination simulant found to be present on either
the test subject’s skin (head. neck. face. hands) or on the test garment worn beneath the
protective ensemble. Images of the data sheets are presented as a part of this report. Other
data include images and/or video records.

TEST RESULTS
Introducton

HSA used a proprietary mixture of water-soluble and —insoluble flucrescent components for
this evaluation. In solution, the water-soluble component exhibits a distinet color change
under black light illumination, while the optical properties of the insoluble component
remain unaffected. The insoluble component imparts the characteristic orange hue to the
simmlant mixture. The color change associated with the water-soluble component makes it
possible for certain conclusions to be drawn about the nature of residual contamination on the

(' Hazmat Science Applications D;;ﬁ;ig’fﬁmg
J A Drenign of Nochem New Mavics College TE
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CONTAMINATED DOFFING EVALUATION FINAL REPORT:
PHILADELPHIA UNIVERSITY PROTOTYPE GARMENTS
August 4 — 5, 2009

test undergarments, as well as the possible source(s) of that contamination. Following

simulant application, the characteristic hue of the stmulant was clearly visible on protective
ensemble surfaces.

Discussion

Ower the course of the two testing days. the total processing time (beginning with
introduction into the doffing chamber and ending with removal of the JSGPM respirator) was
reduced from approximately 37 minutes to about 22 munutes. The reduction in processing
times reflects a combination of the proficiency of the 64th WMD-CST members (who are
well-trained and familiar with the testing techniques employed by HSA) and an expressed
desire on the part of the subjects to more accurately replicate "combat speed” during
contaminated doffing.

In general terms, both prototype garments provided substantial reduction in the amount of
simulant reaching unprotected skin or duty noiform:

1. One of the six test undergarments was judged to be "clean " i.e_, free of any blacklight-
visible evidence of simulant cross-contamination.

2. Hazing was rarely noted on any of the test undergarments.

3. Faint hazing was noted on the lower left abdomen during two of the "day two"
vndergarments. which was attributed to a last-minute garment modification.

4. Several tests noted some ingress of dry sumulant along the edges of the jacket/'mask
interface with only very faint appearance on skin (temples near the upper front pinna)
beneath the hood.

5. CS5T members suggested that "combat speeds" could be reached with similar resunlts. but
time was not available for the purpose of training.

CONCLUSIONS

1. Both prototype ensembles are capable of being effectively doffed while minimizing the
amounnt of contaminant transferred from external surfaces to unprotected surfaces within
the protective ensemble barrier.

2. From the perspective of processing times, the garments appear to be clearly capable of
being doffed at "combat speeds” while retaining the ability to maintain continuity of
protection.

3. The tests suggest that multiple layers (e.g.. having a separate carbon suit as opposed to
charcoal impregnation of suit components) may provide some benefit to maintaining
cleanliness through the completion of the decontamination and doffing processes.

4. The ensemble interface between the jacket hood and JSGPM face-piece was found to
vary slightly in its ability to effectively exclude contaminant ingress. The performance
variation is attributed to design differences, ie., a single-piece reinforcing structure
within the hood front as epposed to a two-piece structure. Wo evidence of contamination
mgress was found in the first case. Improvements are likely through a combination of
design changes. doffing procedures. and field dress-out actions.
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CONTAMINATED DOFFING EVALUATION FINAL REPORT:
PHILADELPHIA UNIVERSITY PROTOTYPE GARMENTS
August 4 -5, 2009

SUGGESTIONS | RECOMMENDATIONS
None
ATTACHMENTS
1. Test Garment Data Sheets
2. Pre-Dust Images
3. Post-Doffing Images
OTHER DELIVERAELES

Digital images (to be provided as separate deliverable in CD or DVD form)
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ATTACHMENT 1

PhilaT Raw Data Sheets
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ATTACHMENT 2
PhilaU Pre-Dust Images
The following images document the protective ensemble in its donned

configuration just prior to applyving the simulant used for contaminated
doffing test and evaluation.
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PhilaU Pre-Dust Images
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PhilaU Pre-Dust Images

080409 Run #2
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PhilaU Pre-Dust Images

080409 Run #3
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PhilaU Pre-Dust Images

080509 Run #1
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PhilaU Pre-Dust Images

080509 Run #2
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PhilaU Pre-Dust Images

080509 Run #3
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ATTACHMENT 3
PhilaU Post-Doffing Images

The following images document the test undergarment condition following
inspection under ultraviolet light. Discernible patterns of residual
contamination simulant were marked with an indelible pen so that
photographs could be taken under white light conditions.
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PhilaU Post-Doffing Images

August 4, 2009
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PhilaU Post-Doffing Images

August 5, 2009
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Appendix F

Reprint of Philadelphia University LEHP Contaminated Doffing Testing Notes—August 4-5,
2009

Reprint starts on next page.
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PHIL ADELPHIA UNIVERSITY - LEHP
CONTAMINATED DOFFING

Attendees:
LEHF: E. Hultzapple, J. Venafio
Hazrriat Team: Fred Bolton, Dliguel Vigil

Test particip anis H

+ TP-#

Testing Notes
AUUGUST 4-5, 2009

o TP approved for testing based on availability: Weight: 155 The, Height: % inches.

' Subject measurements:

Body Location Measurement
Heck 15152
Chest 37
High point to waist 22
Walst hand 3215
Walst - natral 3%
Hip 391
Center back- Sleeve Length 33102
Raglan Sleeve Length 2715
Cross Shoulder 19
Back Length 20
Inseam 30
Cutzearn 38

» TP-#2

TP approved for testing based on availability, Weight: 155 Ibs. Height: 71 inches.

' Subject measwrements:

Body Location Measurement
Heck 15
Chest 36 102
Hizh point to waist 23
Waist hand 33 %
Waist - natural 3l
Hip 36
Center back-Sleeve Length 34 152
Raglan Sleeve Length 30102
Cross Shoulder 20152
Back Length 23 152
Inseam 351
Cutzearm 41

E.LFHF Coutintin kil Doffmy Ho et T AngOFOTAL doc
Pagm 1afll
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FHIL ADELPHIA UNIVEESITY - LEHP Testing Notes
CONTAMINATED DOFFING AUGUST 4-5, 2002

» TP#3
* TP approwed for testing based on availability. Weight: 175 Ths. Height: 71 inches
*  Subject measuremenits:

Body Location Measurement
Heck lé
Chest EERT
High point to waist 23
Waist band 34
Waist - natural 3314
Hip 40
Centerback
Sleeve Length 35
Raglan Sleewe Length 3
Cross Showulder 20152
Back Length a1
Ingearn 3212
Chutgeatn 41

* TP-#4
* TP approwed for testing based on availability, Weight: 195 T, Height 72 inches

' Subject measurements:

Body Location Measurement
Heck 15
Chest 40
High point to waist 25
Waist band 37
Waist - natural 36
Hip 4215
Centerback
Sleewve Length 33
Haglan Sleewe Length 30
Cross Shoulder A
Back Length 2318
Insearn 32
Chtgeatn 40

E.LFHF Coutantnk ] Do fimg Ho kst T Ang OFOTAL doc
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FHIL ADELPHIA UNIVEESITY - LEHP Testing Notes
CONTAMINATED DOFFING AUGUST 4-5, 2002

Test Schedule: Initial matrix was adjusted as testing proceeds.

Tues Tues Tues hed | Wied i'ed
100 | 1345 1515 | 0930 | 1100 | 1315
Cowerall {Gend) with
Undergarment 1 z 3
Coat/Trousers [Gend)
with 2-pieced a4 1 e}
Undergarmmerit
J5 G Pl mask
and carbon hood L K H H H H
JB1GU auter glowe and
liner X X X S S X
AFS X ¥ X X X ¥

Test Item Descriptions:
Undergarments

Shorts and T-shirt, with Eleen Guard over top and taped at the wrists and ankles. The Eleen
Guard protects the subject’s skin fror the contarninamt and helps to analyze the contamination
when remored from the body. It is a blonsy white disposable ganment.

Gend Coverall
Deesign: Ore piece coverall with attached hood. Designed to fit the JSGPM. Features include
canister straps, two front neck flaps, an asyrenetrical center front zipper, a left sleeve doffing
zippet, two way relief zippet, articulated elbows and knees, knee pad pocket with re rnorrable
kree pad, elbovr abrasion patches, interior waist belt, zipper pull tah, shonlder retention
harmess, and hood stowage system.

Ivlaterials: TEC

Gend Undergarment
Degign: Fitted one piece bodyr suit with knit ankle and leg cuffs with center front asvmmrnetrical
zipper and two way relief zipper.

Mlaterials: 634 (atretch)

Gend Balaclava
Design: Balaclawa style hood with elasticized opering at face to accormmmodate the TSGPR
tnask. Balaclaa comes to mid upper chiest and mid upper back with shaped areas for
shoulders. Changes- three different types were tested. First was designed the same as the
revisions made during FAST, catbon stretch kedt was inserted in a serni circle shape at the
ternple area. Second, filler pouches at the terple and a cathon cord around the face opening
was ingerted. Third, a sernicitele shaped piece of neoprete was sewn into the terple area.

Ilaterials: 634 (stretch)

E.LFHP Contnmnk ] Do fimy Hotst- T Angl OFITAL doc
Pag Jiofll
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FHIL ADELPHIA UNIVEERSITY - LEHP Testing Motes
CONTAMINATED DOFFING AUGUST 4-5, 2002

GenS Uniform (Coat & Trousers) (note: used Gend Balaclava for this testing)

Design: The coat features a bi-swing back with gripper patches at the shoulders to prevent gear
slippage. The sleeve includes an articulated elbowr with a reinforcement patch and shaped wrist
cuffs. The pant sits high on the waist and necludes a zip fly and side size adjustment straps.
Bedesigned articalated knees iraprove moverment, but still include the knee pad pocket with
rernorrable knee pad. Ankle cuffs are elastic with a Welero poall tah. The coat and trousers form
an integrated unit when zipped together at the waist, An intemmal rernoreable skirt is attached to
the coat that zips tothe pant; this system is adjustable for spht sizing. Changes were made to
the skirt to atternpt to eliminate the blow throngh experienced in this area doing FAST.

Mlaterials: TEC

GenS Undergarment (Shirt & Drawers)

Tuesday — August 4ih

Design: Undergarment shirt includes an asyrommetrical center front zipper, with backup flap for
cornfo it and knit euffs. The dravrers feature a tigh waisted style along with knit cufts and
waist band. The shirt was lensthened, front zipper was off set to left side, and Velcro closure
teck collar added.

Ilaterials: A58

1100 TEST

Design: Configuration:
Gend Coverall with Gend One-pieced Undergarment & Gend Hood (TP £1)

2007 ISGPM
JB1GT outer glove and liner
LF3

Donning:

Creerall fit iz good, legs and armms good length, Mo issue at waist.

Leghottora of UG drawers worn inside corbat boot. Then &F35. Leg bottom of Coverall
secured over 4FS.

Cathon shirt worm over cabon drawers

Gend balaclaea positioned on JTSGPI before donring, Knit inserts at ternple of' balaclava
(zatne as i FAST)

Onee mask is secured in place, balalaa is pulled orver the head and then tucked inside
coverall. Front zipper is closed to neck. Hookfloop of 1eft and right flaps are secured and
straps closed around filters.

Doffing:

While Bssistant | was deconing the subject the hose came off the larger bug sprayer, he
switched to the swaller sprayer

Subject covered filters to avoid getting ther wet while Assistant | was nsing the bug sprayer
Subject appeared to be thoroughly wet after decon, visible beading and rolling off of the water
Extended Velcro behind head seems to work successfully

Under liner gloves came off with undergariment

E. LFHF Coutwmwkd Doffmg Ho kst - T AngOFOTAL doc
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FHIL ADELPHIA UNIVEESITY - LEHP Testing Notes
CONTAMINATED DOFFING AUGUST 4-5, 2002

+ HRight sock carae off while doffing legs of undergarrment
+  Doffing tirae: 37 rminuates

Black lighting:

+  Bttendant | is convvered in sirmlant avonnd hands, chest, and legs. Baclk iz raostly clean.

+  Subject appears corpletely clean on pre-blacklighting

+  Upon imspection when subject rermowves protective Kleen Guard “sirulated skin®™ ane spec of
orange sitnulant on left shoulder vear neck

+  Back left shoulder near aveapit, very stnall srndges from decon solution

+  Veryslight small hlmish haze tint onback neck. NOTE: it was determined in test 2 that the
white tag frorm the cathon undergarment was mbbing off onto the Kleen Guard suit and
creating the haze

+  Urnderside of right avm near wrist- 3 small stendges of blue, one tharab print size, other two are
stnaller

¢ Freddeerned it “seery clean™

Subject Feedhack:
+  Corverall is tight on the neck when the zipper is all the way up. It creates restriction when
bending the neck

¢ FPlenty of range of otion in legs and ars

+  Dioes change the shape of the mask, but subject feels that it pulls it closer to the face and
wonldn’t compromise the seal of the mask

+  The one piece wite brim is appealing to the subject, feels snng around the mask when canister
cords are in place

+ Suit feels comfortable and isn’t to hot

+  Hazmat coranents- the suit came out cleaner than (norn LEHFP) suits tested at the facility the
week prior

+  Tse the “Wizseman™ roll to rermove catbon balaclava. Follbalaclava from back neck up to
crown of head and roll up slightly in front so balaclava cups the canisters on the TGPV

Becommendations for next run:
' Sleeves —none
Legs- leg cuffs on undergarment put outside cornbat boot
* HeadMeck —none
*  Body- slide waist belt opering from center front to left front for easier doffing

Tuesday — August 4ih
1345 TEST
Design: Configuration:
Gend Coverall with Gend One-pieced Undergarment & Gend Hood (TP #2)
2004 JSGPL
JTB1GT outer glove and liner
LFS
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FHIL ADELPHIA UNIVEESITY - LEHP Testing Notes

CONTAMINATED DOFFING AUGUST 4-5, 2009
Donning:
+  Carthon balaclavs — updated version includes cord around circwrnference of hood opening and
terple ponches

¢ Cuffs on cathon undergartoe nt worn on outside of combat boot

+ Carthon shirt worm over cathon drawers

+ Fit: leg falls at second hook on &F 5, sleeve length looks good, bodsr I slightly loose bt looks
good

Doffing:

¢ Subject is covering filters while Assistant 1 uses bug spraser

+  Shuffle pit in station IT was tumed 45 Degrees to the left forviewing from camera

+ [t appears that when the kree pad straps are loosened they do not retract corapletely into the
casing

+ Subject holds mask while Sesistant 1 removes carister straps

¢ Pgeistant | kad difficunlty opening the center front zipper

¢  Pansed doffing at Station [IT and used blacklight right after hood is loosened — orange sirmulant
appeared on top of eve lens of mask and visible wicking of decon water solution onto the
cathon balaclava

+  Aggistant 1 had difficulty rernoving right corabat boot and right sock camwe off with removal of
cotobat hoot

+  Pgeistant 1 pulled back of' balaclaea up to top of head and rolled up to top of head and front of
balaclava is rolled up prior to opening of center front zipper of undergarre nt

+  Difficulty opening the center front zipper on the undergarment

+  Subject was standing with arros back and head forarard while reroving undergarment from feet

+  Doffing time: 30 mirates

Black lighting:
+ Incharaber the fivet lavge shuffle pit helps to keep the water fror the bug spraver that is rolling
off coverall
+  Pre-blacklicht- no visible sirolant on K leen Guard suit
+  Kleen Guard suit on wall- Siall smudges onboth inside wrists possibly from tape aronnd

wrists
+  Small srandge onback neck- deterrnived that it iz frowm the tag sewn into the cathon
undergarrnent
Subject feedhack:

+ Mo neck restriction
+ Range of motion seemed good

Recomumendations for next run:
v Sleeves —none

*  Legs —wear carhon cuffs tucked into garment, makes it easier to doff
* HeadMeck —none
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FHIL ADELPHIA UNIVEESITY - LEHP Testing Notes
CONTAMINATED DOFFING AUGUST 4-5, 2002

Tuesday — August 4ih
1515 TEST
Design: Configuration:
Gend Coverall with Gend One-pieced Undergarment & Gend Hood (TP #3)
2004 JSGPL
JTB1GTT outer glove and liner
&FS

Donning:
¢ Cathon balaclava rmodified to inclode a neoprene insert at the terple area
+  Subject wore his own tan corabat boots
+  Subject prefers the cuff on the catbon undergarmment tobe worn inside the corabat hoot, they all
feel it is easiey to doft this way

Doffing:
+  Subject coved filters while being sprayed
+ Subject continues to hold mask while the assistant wipes down the mask areas
+ Doffing time: 24 mirites

Black lighting:
+ DBright spot of blug on left ear top
Dy orarge sirmlant! wet blue decon water on night forehead
Front and back of Kleen Guard is coraplete 1y clean
Oravge siremlant on right side of mask terple
On right teraple haze of orange around evye lens area on catbon hood- sirodant clearly getting
past the shell and onto the carbon hood
+  Orange sirmlant on interior of hoth shell termple pouches
+ Is to ruch decon solution be ing nsed?

Suhbject feedhack:
+  Wear the catbon undergarment leg ouffs tucked into the cordbat oot

Overall recommendations for Gend system:
+  Coverall-
o Adjust waist belt so that the opening is positioned to the left side of the body rather than
to the center
o MWeck maybe alittle swall for subject with larger necks, look into increasing the
circurnference in this area.
0 Widen knee pad strap control channels 327 to make easier for straps to retract into the
channel
+  Undergarment-
0 Wear leg cuffs tucked into the boot, provides for easier doffing
+ DBalaclava- none
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FHIL ADELPHIA UNIVEESITY - LEHP Testing Notes
CONTAMINATED DOFFING AUGUST 4-5, 2009

+ Doffing

0 Belease all Velero as early as possible in the doffing procedure to reduce armomnt of
contarninate reaerosolized v a cleaner ersirorement

0 Wear undergarment tucked into boot, all soldiers willbe used to this feeling and will
not find it uncomwdortable. [t is easier to doffing the garment this way, withouot having to
reach up under the carbon undergarment to mlace fout boot laces, and preseents the cuff
from getting canght on the hoot while it’s removed.

o Use the “Wisernan™ roll to doff the balaclava and mask in ore motion

We dnesday — August Sih
0930 TEST
Design: Configuration:
GenS Uniform (CoatTrouser) with GenS Undergarment (Shirt & Drawers)
& Gend Hood (TF # 4)
2004 TGP
JBIGT outer glonre and liner
EFS

Donning:

Cathon pant tucked into corabat boot

Balaclava style with rib knit inserts at termples

Catbon shirt worn over pant

Catbon shirt and pant fit well

Shell pant is a little srmg at waist

When subject bends down the knee pad hits visht on the knee, it mavbe a little high for ki
+  Shell coat fits well- sleeves are the right length

Doffing:

Ligzistant was having alittle difficulty releasing the knee straps completely
Visihle water beading/ mrning off of subject during decon with bug sprayer
Subject held roask while mask ares heing deconed

Lggistant wiped down the center front zipper and lifts jacket to wipe fly area
Weloro release at shirt works well

“Wisernian™ roll works well

Cathon shirt and glowe liners are able to be doffed in one motion

Doffing titne: 21 minutes

Black lighting:
+ Possible sirnulant at right top of ear- while donning the subject noted that he could feel abreeze
ot the right ternple area
+  Inspection underblacklight shows sironlant getting under catbon hood onto mask edge- may be

the reason simmlant was present on ear
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FHIL ADELPHIA UNIVEESITY - LEHP Testing Notes
CONTAMINATED DOFFING AUGUST 4-5, 2002

+ NOTE: while blacklishting, decon water is clearly getting through the seatns whete there is
stitching- nio evidence of this transfering to the cathon undergarments or onto the body. This
iz not & surprise becanse J2C 15 not a waterproof reermbrane and thus the sears are not taped.
Swit front appears completely clearn, no haze on chest like FAST

O left back bicep small srmd zes from decon water

Water droplet on upper left back

& conple of orange siroalant particles on right side waist

Subject Feedhack:

+  Tvlake the zipper flap at center front ¥ inch bigzer so it is easier to grip and reracve for decon

+ Likes the idea of the shoulder reinforcernent! grips

+ Likes Velero closure at top of zipper, rakes easier to open zipper while doffing, but edge of
Velero on catbon shirt is poking into the neck, needs to be reduced to make more cormfortable.

+ Tight on the neck when tuming far right and left

+  Shaped sleeve appealing for crawling

+  Suhject and besistants prefer the one plece cathon undergarment to the two piece because they
feel it"s easier to doff

Recommendations for next run:
v Sleevres — none
* Legs—none
*  HeadMeck — none

Wednesday — August Sih
1100 TEST
Design: Configuration:
GenS Uniform (CoatTrouser) with GenS Undergarment (Shirt & Drawers)
& Gend Hood (TP # 1)
2004 ISGPLW
JBIGT outer glonre and liner
LFS

Donning:

+  Waist fits better on this subject

+  Krees in good position, while kneeling thes hit the middle of the pad

+ HNOTE: subject has bright sirlant droplet on forehead prior to test beginning frorm assisting in
test

+  Balaclava style: carbon cord with filler pouches

+ Hight side of canister strap area looks better than test #1, it is sitting better on the mask teraple
area
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FHIL ADELPHIA UNIVEESITY - LEHP Testing Notes
CONTAMINATED DOFFING AUGUST 4-5, 2002

Doffing:
+  Subject holds mask in place whenever assistant wipes mask area
+ GStitching tore at the revision flap at the skirt area - Assistant #2 reached inside coat to reraove
WYelero
+ Mo problems doffing sleeve with glove liners
+  Doagistant hung mask up for later blacklighting
+  Doffing tiree: 21 minutes

Black lighting:
+ Smallbright spot about the sized of a percil eraser, on right teraple and slight haze at mask
edge, edze clearly visihle
+  Very faint hazing of orange sirmlant on waist area and slightly darker on left stomach right
helow belly button
+  Bark clean
Suhject Feedback:
+  Subject notes that the mask feels better than in the coverall wersion, and the neck doesn’t feel as
tight
+  The draw cord at the waist is unne cessary, subject likes the garment to have a looser fit

Recomamendations for next run:
v Sleeves — none
* Legs —none
*  HeadM eck — none

We dnesday — August Sih
1515 TEST
Design: Configuration:
GenS Uniform (Coat'Trouser) with GenS Undergarment (Shirt & Drawers)
& Gend Hood (TF & 3)
2007 ISGPR
JBIGT outer glowre and liner
EFS

Donning:
+  Pants fit well, legs corme down past second hook on &F3
+  Sleeve length good
¢ Tape up on skirt to prevent the blow through at the waist
+ DBalaclava style: neoprene inserts at terple area
Doffing:
+  Subject holds mask while it is being wiped down
¢ When the center front jacket is opened the duct tape nsed in this avea stuck to the draw cord on
left side of jacket
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FHIL ADELPHIA UNIVEESITY - LEHP Testing Notes
CONTAMINATED DOFFING AUGUST 4-5, 2002

+  Bggistant recomriends loosering glove liners and rermoving right and left carbon shirt sleesres
at sarne tire to waniwize contarmination risk
+ Doffing tirwe: 20 rimites

Black lighting:

+  Very small orange particles at right jaw bore

+ Faint haze of orange at left teraple

+  Smudge at center chest- not sure what from- blue decon water

+  Orange sitvmlant at sare place on left stormach avea below belly button and fhint haze on right
wlst

+ DBack clean

+  DLlask black light- orange siroulant on left side at teraple on mask right below mask hook, on
right side rneoprere stopped rmost of the sitalant from penetrating bt wou can clearly see
whete it care inbelow the insert and deposited sirmulant on the jaw line of the subject

Suhject Feedback:
+  Good range of motion bt very aware of the zipper and bulk at the waist
+  Meck has no restriction

+  Jacket has more range of motion in the arr area than the cowverall
+ Likes the shoulder grips to help keep backpacks on

Cherall recommendations for Gens system:

+ Dty TTniforrn — Coat
o The draw cord at the waist rnav be unne cessary, subjects don’t seem to want it pulled
around their waist
o Iake the zipper flap at center front ¥ inch bigezer so it s easier to grip and remoeee the
Jacket for decon
o Meck is still providing soree discorafort while twrning to right and left for subjects with
larger necks, increase cireuraference to accomraodate the
+ Dty Uniforn — Tronser
o Revise waist interface with the pant and skirt, needs to provide more protection and
prevent blow throngh without becorning too complicated
o Ldd 3 inch width to knee pad strap casing to allow easier retraction of straps into
casing
o &dd %% inch width to ankle strap casing to allow easier retraction of straps
+  Undergarment — Shirt
o Velero at neck is uncomfortable, it needs to be repositioned or slimme d down so it
doesn’t poke into the neck
o Switch the fabric neck collar on the shirt so that the rough side is not against the skin

+  Undersarmment - Drawers- none
+ PBalaclava- none
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FHIL ADELPHIA UNIVERSITY - LEHP Testing Notes

CONTAMINATED DOFFING AUGUST 4-5, 2002
Owerall Motes for Gen 4 and 5:
+  Zubjects feel that thew conld easily reronee both style gavments themse bees with little
training.
+  Subjects like that the Gen 5 two plece systern canbe doffed as a one piece. They feel that it
tnakes the doffing easier.

+  They prefer to doff the one piece carbon undergarnent as opposed to the two piece.
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Appendix G
Reprint of LEHP Contaminated Doffing—Final Script, Generation 4—August 4, 2009

Reprint starts on next page.
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LEHP Contaminated Doffing — FINAL

Generation 4

78C/63A Coverall Shell — One-piece tight Carbon Undergarment- JB1GU glove and liner 4 Aug 2009
Step | Executed Procedure Comment
By
STATION I
1. Escort Subject to Station [ to shuffle pit
2. Instruct Subject to only respond to instructions from vou and not from
1 A2 the prompter, Also remind SUBJECT to remain as still as possible
throughout the procedure
1. Release knee pad straps
2. Conduct a gross decon of the complete ensemble using sprayer starting
5 £l at head and working to boots,
3. Check Mask/Canisters and decon using a damp sponge in crevices if
needed
3 A2 Instruct SUBJECT to stand with arm out front
1. Decon SUBIECT's gloves from wrist tab to fingertips using sponge
2. Open sleeve wrist tabs on coverall and reattach loosely
4 A-1 3. Remove outer glove and dispose of
4, Change your gloves
5 A-2 Escort SUBIECT o STATION 1T and into shuffle pit
ASSISTANT 1 =A-1 ASSISTANT 2 =A-2
Pagel of 7
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LEHP Contaminated Doffing — FINAL

Generation 4

78C/63A Coverall Shell —One-piece tight Carbon Undergarment- JB1GU glove and liner 4 Aug 2009
Step | Executed Procedure Comment
By
STATION II
Instruct SUBJECT to spread legs a shoulder width apart without touching
1 A2 sides of shuffle pit.
1. Using long handled brush, decon the overboots and lower trouser legs.
2 A-1 Ise special care to clean the back of the overboots.
2. Decon your gloves.
Instruct SUBJECT to step up and out of the shuffle pit and forward,
3 A-2
Instruct SUBJECT that when overboots are removed he should step forwand
1. Cpen leg tab and reattach. Roll up bottormn of each leg to mid- overboot
2. Open lacings of over boots
3, Step to line
4, Move to BACK of SUBIECT and hold heel of RIGHT overboot as SUBTEECT
4 A1 loosens heel inside overboot and then steps forward and out in one
maotion, Place overboot in disposal container
5. Hold heel of LEFT overboot as SUBJECT loosens heel and then steps
forward and out in one motion, Place overboot in disposal container
> Al Escort SUBJECT to STATION 111 to line

ASSISTANT 1 =A-1
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LEHP Contaminated Doffing — FINAL

78C/63A Coverall Shell —One-piece tight Carbon Undergarment- JB1GU glove and liner

Generation 4
4 Aug 2009

Step | Executed

By

Procedure

Comment

STATION III

1. Move to FRONT of SUBJECT, untie o cut bootlaces, Loosen each boot so
that the SUBJECT's foot can easily be removed,
2. Doff gloves and don new

Instruct SUBJECT to stand erect with arms slightly back (approx. 3045
degrees), lift chin and spread legs lightly

WARNING to A-1; When performing the following steps do not put
hands inside garment; ensure respirator does ot touch SUBJECT after
opening the coverall, If contamination Is present or suspectad,
decontaminate front closure (outer flap and zipper) with sponge.

Al

1. Open outer and inner hood flaps below neck and decon area with wet
sponge.

2. Instruct SUBJECT to place two fingers on mask to secure in place

3. Using tab carefully unhook the straps from around mask canisters.
Decon area if neaded

4. Roll neck flaps to back and attach behind head

5. Wipe down center front flap, fold back center front flap and decon under
flap and zipper

&, Decon gloves

A2

Instruct SUBJECT to lift chin and extend LEFT arm to side until it is level
with shouldar

ASSISTANT 1 =A-1 ASSISTANT 2=A-2
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LEHP Contaminated Doffing — FINAL

Generation 4

78C/63A Coverall Shell —One-piece tight Carbon Undergarment- JB1GU glove and liner 4 Aug 2009
Step | Executed Procedure Comment
By
STATION III

1. Wipe down left sleeve zipper, open outer left sleeve flap and decon

6 Al Under flap and zipper

2. Decon your gloves

1. Open left sleeve zipper to arm pit and peel back

2. Open center front zipper to mid-chest and peel down

7 A-1 3. Move to back of SLBIECT and with a slight autward roll, pull coverall
Food off head

1. Completely open the sleeve zipper

5 a1 2. Completely open the center front zipper ard fold garment down away
fram body while releasing the walst belt

Instruct SUBJECT to rotate arms to rear keeping LEFT arm elevated and

9 A2 make a fist to ensure glove liner doesm't come off.

1. Move to REAR of SUBTECT. Zrasp the outside of the coverall near the
shoulders, Pull the coverall up and off of the shoulders, rolling it onto
itself.

10 A 2. Continue to the pull down until the SUBXECT's gloved hands are free of
the sleeves and continue to work the coverall to the SUBECT's waist
and then the knees.

3. Instruct SUBIECT to push the inside of coverall legs down to expose
boots

4. Decon your gloves,

ASSISTANT 1=A-1 ASSISTANT 2 =A-2
Page 4of T
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LEHP Contaminated Doffing — FINAL
78C/63A Coverall Shell —One-piece tight Carbon Undergarment- JB1GU glove and liner

Generation 4
4 Aug 2009

Step

Executed
By

Procedure

Comment

STATION III

11

. Instruct SUBJECT to stand straight, keep arms away from body and relax

. Instruct SUBJECT that the coverall and boot will be doffed in one maotion

. Change your gloves

hands. He may place a gloved hand on A-2s shoulder for stability

and that once garment leg is removed, be will place that foot across the
contamination control line

12

A-1

el 2

. Hold the heel of the RIGHT boot and leg bottormn of the coverall as the

. Repeat with LEFT foot
. Place garment and boots in disposal container
. Doff vour gloves and don new

SUBJECT steps forward and out in one motion, Remove the garment leg
and boot as a single integrated unit until the SUBJECT's foot is clear.
Allow the SUBJECT to place this foot over the contamination line

Page 5 of 7
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LEHP Contaminated Doffing — FINAL

Generation 4

78C/63A Coverall Shell — One-piece tight Carbon Undergarment- JB1GU glove and liner 4 Aug 2009
Step | Executed Procedure Comment
By
STATION 1V
1. Grip neck on undergarment through the carbon balaclava and open the
1 Al center front zipper o the stopper below the waist
5 P Instruct SUBJECT to lower arms, keeping hands away from body but keep
chin up away from chest,
3 I 1. Grasp shoulders of undergarment and roll off the body to the ankles
1. Instuct SUBJECT to hold hands up and loosen the glove liners by pulling
gently on the fingertips and remove the liners taking care not to
4 Al contaminate the hands.
2, Once doffed- instruct SUBJECT to hand liners to A-1 for disposal
1. Grasp leg cuffs and instruct SUBECT to step over contamination control
5 Al line

Pagefiof 7
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LEHP Contaminated Doffing — FINAL

Genaration 4

78C/63A Coverall Shell — One-piece tight Carbon Undergarment- JB1GU glove and liner 4 Aug 2009
STATION V
1 Al 1. Instruct SUBJECT to turn 180 degrees and face station It
2. Pull hood up over head from back and encapsulate canisters
2 A1

1. Grasp the mask by the voicemitter cover

—

. Instruct SUBIECT to loosen the two lower mask straps.

2. Instruct SUBJECT, “When given command to 50", lean forward, hold
3 A2 your breath and close eves as SUBJECT removes the mask over yvour
head, then step to the door.

—

. Give command to “G2" and remove the mask over the head.
4 Al 2. Place mask in digposal container.

1. Open center front zipper to zipper stop below waist on carbon
undergarment

2. Move to BACK of SUBJECT, grasp right sleeve cuff and right shoulder
and pull off, repeat with LEFT side

. Work carbon undergarment to feet,

. Hold RIGHT leg cuff and instruct SUBJECT to step out of coverall

. Hold LEFT leg cuff and instruct SUBJECT to step out of coverall and
across contamination line.

o

ASSISTANT 1=A-1 ASSISTANT 2 =A-2
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