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SUMMARY

Under this contract, designated "Full Scale Development and
Initial Production of the Personnel/Casualty Decontamination
System Skin Decontamination Kit (PCDS SDK}®, the Rohm and KHaas
Company and its subcontractor, PACO Pharmaceutical Services Inc.
focused upon improving the operationalideficiencies inherent to
the Prototype design skin decontamination system developed under
a previous contract (#DAMD17-85-C-520Q0). Phase I of this
contract called for the upgrading of the existing design of the
earlier prototype PCDS SDK; manufacture and delivery of 5,000
engineering development prototype kits to support
contractor/Government tésting; development of an operator’s
manual and development of a Technical Data Package (TDP).

In order to support the new designs. Level I drawings and
specifications were prepared for the applicators, packets, soft
pack pouch assemblies and also the unit of issue (box of 20
decontaminating kits). Procurement of materials, manufacturing
process development and obtaining equipment/tooling were
accomplished prior to kit manufacture.

The PDA has determined the Personnel/Casualty Decontamination
System - Skin Decontamination Kit (PCDS-SDK), ultimately type
classified as the Decontaminating Kit, Skin: M291, to be a
medical device and subject to FDA regulation as such. Thus, the
M291 (3DK) would ultimately be produced undexr current Good
Manufacturing Practices (cGMP’s) as controlled by 21 CFR 820.

Studies to establish an actual shalf-1ife for the Albergerd'
XE-555 resin component of the SDK were initiated during the ninth
month of the contract. Sample packets were stored at 2°C, room
temperature, 40°C, and 60°C. The packats stored in the 60
environment developed leaks as a result of packet heat seal
failure. Records indicated the 60°C oven had experienced a.
nuabez of unexpected temperature excursions well above the 60°C
setting. However, all Ambergard XE-555 recin stored up to 3
years in packets that maintained their heat seal integrity met
all product specifications. Also, all Ambergard XE-555 resin
stored for 3 years. including the 69°C samples, showed no
decrease ’n sorptive capacity and all registered greater than 95!

- removal of thickenad -ethyl salicylate during simulated

deconteninetione.

At the conclusion of Phase I the Government chose to exercise
Option 1 of this contract and enter intoc Phase II. Ths stated
objectives of this Option I, Phase II were to manufacture initial
production quantities of what has now been named the
Decontaminating Kit, Skin: M291, and to demonstrate: 1) pre-
production scale-up/manufacturing cepebilitiee, 2) quality
control acc.ptance, 3) procedures to provide kits for Pirst
Article Tests (FAT), and 0) Technical Data ?eckeqe (TDP)
validation.
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Included in this second phase were work segments designed to
address the technical challenges and management controls
associated with the initial production of the M291 SDK at
manufacturing rates representative of commercially designed
equipment. The efforts included: the estsLliszhment of a
Configurational Hanagement Plan (CMP), the preparation of the
First Article Inspection Procedure (FAIP) and Report (FAIR), the
preparation of the Quality Assurance Progras Plan (QAPP), and the
" completion of the Lot Technical Data Reccrds. In addition, the
program was designed with sufficient flexibility to explore kit
‘design upgrades and to prepare Engineeri: g Change Proposals
(BECP’°s) to introduce modifications to the INP.

In a general sense, these categories define the continuation of
some Phase I activities into Phase II, along with equipment and
facilities preparation and a formal generation of plans to
maintain costs, property, specifications, manufacturing steps and
product assurance. ‘
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A. SYSTEM DEVELOPMENT

1. Kit Desi

Several design deficiencies in an earlier prototype were
identified as a result of user testing and Rohm and Haas’
developmental testing under the previous contract,
DAMD17-85-C-5200. These prototypes failed tc meet ‘the
requirements of AR 70-71.  Because of the flaps, handles aad
reelable heatseals incorporated into the design, the two prine
criteria of AR 70-71, chemical hardness and decontaminability,
were not acitievable. Another major design issue was free powder
loss during resin delivery and the potential for excessive
dusting during facial application.

A change in design was proposed to meet these deficiencies. The
newer design retained the non-woven applicator, but packaged the
applicator in a protective foil envelope. No flaps, handles, or
heat-sealable surfaces were exposed. Furthermore, the Ambergard"
XE-~555 resin was filled between the non-woven pad and an
occlusive, heat-sealable film material to which a non-woven
strap/handle was attached. Loading the resin behind the non-

- woven eliminated the dusting problem. The thickness and rate of
resin release through the pad was controlled by the density of

. the non-woven. The pad was then folded and oriented in the pouch
such that it formed a saddle in the bottom of the pouch,
retaining resin inside it. | '

a, Foil Laminate Selection

A major concern with the earlier prototype kit design was the
identification of a 'peelable’ heatseal coating that could meet
the chemical hardness requirements of AR 7¢-71. To help in the
selaction of the appropriate material, several simulant ’‘quick
tests’ were performed on a variety of foil laminate candidates:

A. Reynolds #22781A - (foil used for earlier prototype).
1. 9.48 mil poiyeste:r riln
2. 1 mil aluminum foil
3. primer
4. vinyl heatseal coating

B. Reynolds Retort _
1. 2.48 mil polyester film
2. adhesive
‘3., 0.7 =il foil

4. 3.0 mil polyethylenf tgrephthaléte (PET;




[}

Tolas TPC-0760
1. 2.48 mil polyescer film
2. 2.50 mil low density polyethylene (LDPE)
3. 2.35 mil aluminum foil
4. 0.7¢ mil Surlyn® 1652 (Dupecnt ionomer resin)
5. 0.20 mil heatseal HS3-48A

Tolas TS-2090Q 4
1. 0.48 mil metalized PET
2. 2.00 mil black rubber modified high density
polyethylene (HDPE)
3. Peelable hesats=al

JR Archer #1

1. 0.48 PET

2. adhesive

3. 1.9 mil foil

4. 2.0 mil Archer coextrusion - blend of HDPE, LDPE,
ethyl vinyl acetate (EVA) and sealant

JR Archer #2

1. 90.48 mil PET

2. adhesive’

3. 1.5 mil foil :

4. 5% heatseal coating (polypropylene dispersion)

G. RJR Archer PD-5433

This was a relatively new (as of 1987) Archer foil
similar to Archer #2. It has 'a polypropylene
dispersion heatseal as does #2, but less of it over an
. epoxy coating. There is no outer coating on PD-5433.
The heatseal on the PD-5433 can be colored olive drab,

. while #2 cannot.

Aclar® 33C
1. 2.0 mil chlorotrifluoroethylene (CTPE) tluorocarbon :

Saranex"” 23P (2.9 mil)
1. LDPE

2. saran (polyvinylidene chloride)
3. EVA copolymer

Aluniﬁu- foil (control =sample)
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THe ’‘quick tests’ consisted of placing a piece of the candidate
foil laminate over a 2 ounce jar containing 1.9 mL of methyl
salicylate. Methyl salicylate was selected as the simulant

- because its physical properties are similar to dD and because it

is easily analyzed at very low cor.centrations by UV spectrosccepy.
The foil was covered with a glass plate and allowed to stand at
ambient temperature for 24 hours. At the end of the exposure
period the foil was extracted with methanol and analyzed by UV .
for methyl salicylate. No attempt was made to insure that the

- laminates had reached equilibrium. The results were used as a

means of relative comparison. The data are summarized in Table
1. This method allowed evaluation of each side of the candidate
laminates separately. :
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Table 1
Cendidate Foil Laminate Chemical Hardness Bvaluation
Supplisr - Sample Surface Ds-2 MS MS Vapor
Appearance Appearance Sorbed mg/caz

(a} {h) (c) (d)

Reynolds 1 22781A outer no change | no change [{2.002 NR
' inner | turn black | dissolved |{9.19 NR
Reynolds | Retost | outer | no change |no change |0.002 NR
. inner | no change |dissolved |0Q.248 NR

"Tolas TPC outer | no change |no change [90.012 NR
» ' 2760 inner no change | no change | 9.20 NR

Tolas £8-2099 | outer | sl shiny no change | NR NR

inner | sl darker darker NR NR

. RJR #1 outer no change | no change |0.002 NR

Archer inner no change | nc change | 0.097 NR
RJR - #2 6u;er no change | no change |0.001 | 9.0¢7
Archer ‘ inner no change | no change |[9.027 | 0,040
RJR PD-5433 | outer Not Run NR 0.9 Q.002
Archer inner NR NR 0.930 | 0.080

" Allied Aclar - no change |no change NR NR
33C - NR

Dow Saranex | outer no change |no change 10.18 NR

v 23p inner |turn amber | no change |9.24 NR

Aluminum | Control | outer NR NR 0.0 NR

foil inner NR NR 0.0 NR

(a) Physical appearance att:z 36 ‘Ainutes exposure to a
- single drop (@.25 mL) of DS- -2 dacontaminant at 24 C.
-(b) .?hysica‘ appearance after 39 minutes exposure to a
single drop (0. 25 nL) of xiquid nethyl salicylate (MS)
at 24 C.

24 hours exposure to -ethyl salicylate vapor at 24 C.
72 hours exposure to methvl salicylate vapor at 24 C.

NR = Not Run
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It was readily apparent that the polyester (PET) outer layer,
present on most samples, provided much bhetter protection than the
-heatgeal inner layers. As RJK Archer’s PD-5432) appeared tc be
the best candidate, we would have recommended using this coating
for the heatseal with a PET/adhesive outer ccating. Hcwever, due
to a change in the overall design, a peelable heatseal was no
longer required and the inner coating would not be exposed, thus
the requirement for inner surface chemical resistance was
eliminated. The new desiqgn retained the non-woven applicator,
‘but packaged the applicator in a protective foil envelope. After .
much testing was performed on numerous candidate structures, the
following laminate supplied by the RJR Archer Coapany was
selected:

48 gaug— Polyethylene terephthalate (exterior)
Ink

Pigment

Adhesive

1 mil aluminum folil,

Adhesive '

1 mil coextrusion (EVA/PE, EVA, Surlyn, EVA}

The polyethylene terephthalate (PET) was selected for its
chemical agent resistance while the text was reverse printed gold
on an olive drab background for "low light" visibility. A 1 mil"
foil was selected to prevent pinhecling in the structure. The
coextrusion helped preveant seal failures/leskage because of its
strong sealing characteristics.

- b. Appljcator ?gd Development

The primary objective in choosing tha proper applicator pad
material was to retain the decontaminating resin prior to use
while providing the ability to dispense the resin freely. It
also waz inportant to mzazintain narrow yet strong bonds between
the nonwoven material and the applicator pad backing. Several
non-woven materials were received for evaluation frem Kemwove,
Inc., Charlotte, North Carolina. Three sample applicatcr pads
were made froz eacl sample and loaded with 2.8 grams of Ambergard
XE-555 decontaminating —esin. The pads were then rubbhed over a
1300 sq.cm. Kydex' sheet surface in a consistent and reproducible
manner. The resin weight loss from each pad was determined and
the average loss for each non-woven is vepoirted in Table 2. 'As
is evident from the data, an entire range of resin delivery rates
can be achieved hy varyirg the type of non-woven. The SCN 87-28
yielded the fastest delivery rates. but this material was too
porsus since resin was observed to fall out while the pad vas
bteing filled. Kemwove SCHN 87-29 (co-posed of 190% polyester
fibers, 6 and 15 denier, 50% each, bonded wtth acrylic) vas
deternined to best meet require-ents.




Table 2
Evaluation of Candidate Non-woven Materials
Material Binder Type Average Resin
Weight Loss
CBC 1.85 Acrylic 1.20 g
CBC 3.0 Acrylic 1.00 g
SCN 86-< PVC 2.66 g
SCN 86-8 PVC 90.72 g
SCNH 87-28 Acryli - 2.53 g
SCN 87-29 . . Acrylic 1.37 g
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c. Polyester Film Backing

‘The revised design created the need for a heatseal coating cn

both sides of a polyester film laminate so the nonwoven handle
would seal to the. pigmented surface and the uonwoven pad would
seal t» the inside surface. RJR Archer laminace (PD-5453) met
these needs- and has the following composition:

1 mil LDPE (olive drab)
adhesive .

48 gauge polyester
adhesive

1.5 mil EVA

3H’s Scotchpak 146 would also satisfy our needs but 3M Company
could not pigment the material in a timely fashion. .Therefore,
the material vas ordered from 3M, and another Company, Patton,
was contracted to coat the Scotchpak with an olive drab (0OD)
pigment. In order to keep both options open and avoid delaying

the program, polyester backing material was purchased from both
.Archer and 3M/Patton.

.

‘Difficulties were encountered trying to maintain satisfactory
pouch h=at seals. Iaproved adhesive coatings for the pouch
laterial.‘ryvek'. were analyzed and Tyvek 1073D with ITD 1367
adhesive ﬁfolal Health Care Company) was chosen.

Size changes were necessary to accosmodate the design revision to
the packet assembly. The selected printing colors were the olive
drab 574C (2 sides) and gold 872C (1 side text only).




10

B. KIT MANUPACTURE

. 1. Production of Initial 5,000 Prototype Kits

The production of the initial 5,000 skin decontaminating kits
(SDK’s) required for Pnase I was divided into a series of steps;
handle production, applicator pad assembly, pad/handle assembly,
packet production, resin £illing, packet loading, packet sealing,
lot coding, notching, and pouch assembly.  PFor the most part,
production was accomplished utilizing manual labor and operating
.sachines designed specifically for this Phase of the contract.
Approximately 20Q pounds of Asbergard XE-555 decontaminating
resin produced under Contract DAMD17-85-C-5200 was consuned
during the production of the 5,000 kits.

Han odu o]

The handles were produced using a steel rule die on a pneumatic
press (Atlas Vac.), cutting to a 4 1/2" length from a roll of
Keawove SC87-29 nonwcven materials. Excess nonwoven material
needed to be trimmed during handle/pad assembly resulting in
handle waste greater than 50 percent.

D, Applicator Pad Assembly
To assemble the Kemwove nonvovan'tacinq material with the
polyester backing material, a Klockner Form/Pill/Seal machine

(Model CPS, Serial$ 1775/21) was used. The machine was modified
extensively to accept and process large diameter rolls of

nonwoven facing material. ‘A special "T° shaped sealing die and a

steel rule cutoff die were designed and fabricated to seal and
cutott altonulod pads. The machine settings were:

a. Temperature; 29S5°P; '

b. Line pressure:s 9% psi;

¢. Dwell time: 3.1 second«;

d. .Outputu 19 units per linuto.

Lossean of both the nonwoven facing and polyester backinq :
materials in this phase of the lanutacturinq process exceeded 20
potccnt.

Scrap losses in the aunutacturo of fiber pads assembled with thc_

polyester backing materials were greater than originally
orojected. As a resule, cvo addttional ordo:o for nonwvoven pad
naterial wvere roqutrod. ' ‘ ~

\k




2. Resin Pilling
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c. Péd[Handle Asseublx"

-The pad/handle assembly utilized a highly modified Air Mite

pneumatic presses and special tooling. The tooling incorporated
a mandrel around which the nonwoven handle was heat sealed to the
fiber pad forming an arch for simplified finger insertion.
Machine settings were;

a. fenperaturez 330°P;
b. Pressure: 60 psi;
¢. Dwell time: 4.5 seconds.

The nonwoven material used for the handle was difficult to attach
to the polyester backing material. Also, the slitting of the
nonwoven to the proper width was not easily controlled. It was
evident that revisions would have to be considered prior to
advancing to full scale production.

d; Packet P;bductigg

There were two areas of concern regarding the packet material.
First, the initial shipment of material consisted of a high
percentage of impressions with smeared gold ink. The units which
were of questionable quality were rejected, while only those .
which were legible and met fit, foram, and function, were utilized
for kit manufacture.

' Efforts were made to ensure the integrity of the packeﬁ heatseals

by pressure testing “he sealed packetc after adjusting the
temperature, pressure, and dwgll time of the heatsealer.

The £illing of resin was accomplished through tha use of .
Kinnematics volumetric fillers equipped with a vacuum puap. All
tilling was 'done under a hood to centrol airborne resin. '
Weighing of the resin-filled applicaior pads was performed on a

. Sartorius balance with digital readouc to 90.01 gram. The

acceptable net weight resin f£411 limit was 2.8 g 2S%

(2.94 - 2.66 grams). .Due to the variability in the applicator
pad tare weight, each operator was instructed t-~ manually add an
additional amount of resin to the pad when the scale indicated a
low weight. After weight confirmation, the top seal was formed
on the open edge by a pneumatic heat seal press. A photograph
(Figure 1) of an opened applicator pad prototype filled with

.A-borqard b ¢ £1-1-1 1 rclin is attachad.
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f. Packet Loadin

The manual loading of applicacor pads into the packets was done
with and without a "knife" to aiu in the opening of the stiff
foil packets. The knife was replaced by a scoop-like tool to
.widen the cavity of the foil packet. The scoop-like tool was next
permanently mounted to the work surface, simplifying the work of
inserting the applicator pad into the absolute bottom of the
packet. ‘

g. Packet Sealing/Lot Coding

The fourth edge of the packet was sealed using a custom designed
pneunatic heat seal press. The same machine was equipped with
two sets of dies whereby the manufacturing let number could be
debossed into the bottom seal of the packet simultaneous to the
sealing of the top, fourth edge of the packet.

h. Notching

The notching of packets was performed initially by a manually
operated devices. It was later upgraded to a semi-automatic
machine. Incorporated in the machine was a go/no-go gauge to
certify that the packets conformed <o.the thickaess
specification. '

The current Jimensions specified for the heat seals were 0.25

$0.06 inch and for the notch depth, .96 plus 0.06/minus 9.00

inch. The depth of the tear notch at the saxiaum dimension and

the hezt seal at the ainimum dimension leaves only a 0.06 inch .
seal zrea remaining. This situation could conceivably contribute
to packet leakage. Thus, the packet dimension scecifications

would require further evaluation. A photograph (Pigure 2) ‘of the
finished, loaded, prototype SDK packet is attached.
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i. Pouch Assembl

'One.ot the last machines designed and built for this initial

5,000 kit production run was the pouch sealer. The unit which
incorporated several safety features consisted basically of a
pneumatic heat seal press. The unit was used to pre-acsamble the
pouch. The packets were manually loaded into the pouch during a
subsegquent assembly step.




2. Xit Manufacture Summary

a. Equipment/Tooling Suppliers

The following is a list of the equipment utilized for the
manufacture of the initial 5,900 kits required in Phase I:

Machine

" Porm, fill & seal
(Model CPS)

Pneumatic
press/handle
tooling

Volumetric filler
with vacuum pump

Pneunmatic

press/seal tooling

Form, £1ill and
seal

Applicator pad
£1i11l and exhaust
hood

Packet
seal/debosser

Pneumatic
press/tear notch

Digital balanca

Pneumatic
press/Tyvek
tooling

Supplier

PACO/Klockner
Air Mite/PACO

Kinnematics
PACO/Air Mite
PACO/Klockner

Torit

PACO R&D

PACO/ALr Mite

Sartorius

- PACOQ

Function

Seal nonwoven to
polyester backing
paterial (3 sides) -

Seal handle to
rear of polyester
handle

Filler of
Ambergard pad

Seals top of
applicator pad

Forms 3 sided seal
on packet

Provides dust
collection & resin
control

Seals top of:
packet and
debosses code
numbers

Place not~ches in

packet

Accurates weighing

" to determine

volume f£ill of
Ambergard resin

Forms seals on
Tyvek pouch '
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All of the deliverable kits were distributed to the various
testing agencies as per contract requirements. At this stage the
kits weyre officially designated as the "Decontaminating Kit,
Skin: XM291" or, more informally, the XM291. A photograph
(Figure 3) of the fully assembled prototype kit (XM291) is
attached. The kits were packed in boxes (the "Unit of Issue”
containing 20 kits per box), overwrapped and then placed in
master shippers (4 squad containers per shipper). The overwrap
material selected was from Spec-Fab (Jaite Beoilable Pouch) and
consisted of 1 mil polyester and 2 mil MDPE. The following box

constructions were used for the 5,000 kits produced during this
phase: '

Intermediate Container (Unit of Issue)

" = Level B Packaging
- Piberboard gr.de, class domestic IAW PPP-B-636J
- Style Regular Slotted (RSC) TAW PPP-B-636J

- Plaps taped with non-asphaltic reinforced tépe IAW PPP-T-
45 : ‘ '

Shipping Containers (Master Shipper)
- Level B Packaging IAW MIL-P-14232E
- Piberboard grade WSc, WWVR PP?-B-636J
-~ Style Regular Slotted (RSC) IAW PPP-B-636J
~ = All openings/seams taped with duct tape IAW PPP-T-69

The XH291 Lot Distribution Report is summarized in Takle 3.
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Table 3
Lot Distribution Summary

Battelle . 17NOV87IA 200
Columbus, Ohio :
U.S.Army A&E Board 18NOVS87A 120
Fort Knox, Kentucky :
U.S.Army 17NOV8I7A - 20
Chewmical School . :
Fort McClellan, AL
U.S.Army Biomedical INOV8T7A 160
Research and 7R0V87 80
Development Lab . 12NOV87A 160
Prederick, MD 18NOVS87AR : 160 .
10NOV87A 80
-SNOV37 160
U.S.Army Tropic 16ROV87A 240
Test Center 13NOV87A 240
Corozal, Panama 1280V87A ' 40
4N0Va7 40
3Novsa? ' 40
Meadows Van and 320CT87 80
Storage, Inc. " 11R0OV87A 1690
Frederick, MD 10NOVS87A - } 100
R 12N0OV87A 60
13MOV8I7A’ _ 80
. 2W0V87 : ' 80
6Novs8s? 14¢
70ova? » 40
14NCVS87A . © 160
17NOV87A 142
4R0Va7 : 69
9NOVE7? : 60
INOVSTA ' 20
19NOVS87AR . 260
S¥OV8? 40
3NOV87 . . 60
18NOVE7A " 40
18NOVS87AR . 40
16ROV8TA ' 60 .
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Rohm and Haas Company 11N0V87A | . lee
Spring House, PA 14N0V87A 120
‘ 3NOV8? 169
6NOV87 40

6NOVB72 S 100

270CT87 1¢D

2N0V87 : 160

4NOV87 120

12N0V872 . 8@

i6ROV87A | 120

3€0CT87 160 .

280CT87 - 140

SNOVS8? - 6@

7%0V87 40

18NOV87A 20

JONOV87AR . 400

12NOVS87TA 40

13NOV87A - 69

17R0V87 20

18NOV87AR 4 - 20

12HOV87AR 40

50CT87 20
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c SPBC?‘O TESTING_A#D EVALUATIO

1. Shelf-Life Studies
Actual shelf-life tests for the Ambergaxd XE-555 resin coaponent

of the XM291 SDK were initiated during the ninth month cf the
contract.

The storage conditions and sampling frequencies for the actual
shelf-life tests are shown below:

STORAGE TEMPERATURE SAMPLING FPREQUEBNCY

Zero Degrees C i, 3, 6, 9, 12, 18, 24, 36, 48, 60 montas
Roow Temperature o, 1, 3, 6, 9, 12, 18, 24, 36, 48, 60 months
40 Degrees C 1, 3, 6, 9, 12, 18, 24, 3§, 48, 69 months
60 Degrees C 1, 3, 6, 9, 12, 13, 24, 36, 48, 60 months

All of the storage tests were conducted on Ambergard XE-5S55
resin in th~ actual SDK packets. Below is a list of the ’‘in
vitro’ .tests used to analyze the Ambergard XE-555 resin shrlf-
life storage samples. A detailed description of the test
procedures may be found in a meno dated October 11, 1989 froa
John B. Schuler to LTC Donald G. Harrington.

"1. Percent solids determination

2. Surface area deteramaination

3. Particle size determination

4. Nonvolatilas, water solukle extractables deter:ination
5. Vapor desorption evalrc-tion (CIS and DPP)

6. Liquid sorption evezluation (Enslinn)

7. Kinetic iodine evaluation (sorptive quality)

8. Basicity determination '

9. Acidity determination

Pigures 4 thrbugh 13 present a graphic represeﬁﬁation of the das-.
obtained to date, over a 36 month period. Anpendix A contains &
statistical analysis of the raw data. ‘

During the course of this study the oven initially used for the
60°C samples experienced a number of unexpected temperature
excursions. As a result, the samples weres transfered to a newer
oven which was believed to be more reliable. Unfortunately, thiu
oven also experienced periodic fluctuations in temperature. At
one point the temperature had risen as high as 80°C. Since the
ovens ware checked on a weekly basis, the excursions never lasted
more than 7 days. However, since the 60°C saaples exhibited a
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loss of heat seal integrity after 3 years (explained in more
detail below), it is not known whether any changes noted in the
Ambergard XIE-555 resin properties were due to the long tera
storage at 68°C or a result of the higher temperature excursions.
Also, it is not clear whether the heat seal failures occurred at
60°C or at some temperature bestween 60°C and 80°C. It should be
noted that the packets involved in this 'study were not froa
current production, but represent the M291 prototype which wvas
~constructed during the fiyst phase of this contract, on semi-
automated machinery and the packet integrity may not be the same.

a, Percent Solids

Storage at @°C, room temperature and 40°C have had no apparent
effect on percent solids. However, storage at nominal 60°C has
shown a continuous moisture loss over the 3 year period,
suggesting packet leakage at this elevated temperature.
Subsequent leak testing of several packets stored at 60°C for 3
years revealed packet heat seal failure as noted by a stream of
bubbles issuing from the seal area of the packet after applying
air pressure to the inside of the packet submerged in water.
Also, visual examination of the 690°C packets revealed an obvious
degradation of many packet heat seals, i.e. actual openings were
observed at the packet edges. Similar evaluation of packets
stored at the other te:peratutes showed no signs of leakage or

" heat seal failure.

The observed increase (n percent solids for tho Ambergard XE-5SS
resin in the nominal 60°C storage samples has been jattributed to
a packaging material failure. However, it should ée'noted that
the loss of moisture has had no apparent detrimental effects on
the resin’s sorptive quality (Section f. below) or its ability to
remove a chemical agent siamulant from a Kydex plastic sheet
surface (Section i. below). ‘

R._Surface Area and Particle Size
There were no significant changes in surface area or particle
size after one year storage at all four tesperatures. One would
not expect storage temperature to affect properties such as
surface area or particle size; therefore, the decision was made
to cease monitoring these 2 properties after the 1 year mark.

The testing proved to be quite time consuming and it was felt
that no seaningful data would result from its centinuation.

c. Monvolatile, Water Soluble Extractables
Al‘ﬁtthvporccnt solids, the ohiy iiqniticnnt change occurred it',
the higher temperature (60°C). Over a 3 year period the percent
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extractables increased continuously from 0.224% at t, to 9.150%
at the 3 year mark. As noted previously, the packets
demonstrated a loss of heat seal integrity at nominal 60°C and
therefore, the increased extractables could very well be the
result of packaging material degradation.

d, Vapo sorption (CIS.and DF

These tests are good for evaluating the possible secondary
contamination from chemically contaminated resin. The results
seem to indicate that the amount of DFP or CIS desorbed actually
decreased after storage at the various temperatures. This is a
desirable although an unexpected result. This trend may or amay
not be real since there was a considerable amount of scatter in
the data with greater than desired standard deviations. Howaver,
.these data do at least indicate that storage at these test
temper-acures (9, 25, 40 and 60°C) had no detrimental effect on
the sorptive properties of the resin.

e. Liquid Sorption (Enslinn)

This test yields a value related to the wettability or gross
sorptive action of the resin. Although the test does not take
into account any mechanical action (mixing due to rubbing), it is
a good measure of the sorptive properties important for effective
skin decontamination. The data suggest no apparent change in

sorptive properties as a result of stotaqe at the various to-t
temperatures,

This test measures the ability of the Albcrqltd XE-555 rasin to
remove iodine from an iodine/potassiua iodide solution. During
‘the course of this contract a number of flaws in the test

. procedure were discovered. At least 2 ECP’'s wera submitted
addressing this issue. Therefore, the KI (sorptive quality) data
cannot be compared across time, but can be compared at any given
time. At the 3 year mark sorptive quality data were obtained.
using the corrected procedure and the data indicate a minimum of
99.98% iodine removal for all storage temperature samples.

WMW

Q°C 3 years 99.98%
2%°C ' 3 years , 99.98%
40°C ‘ 3 years . 99.98%

‘Nominal 6@°C E 3 years : 1 99.99%
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Thus, the increased percent solids & extractables (Sections a & c
above, respectively) and the decrease in basicity (Section g,

"below) had no detrimental effects on the sorptive properties of

the stored Ambergard XB- 555 resin.

q. Basicity

Although not extreme, there was an'apparent slight decrease in
basicity after 3 years storage at nominal 60°C. However, if

_corrected for the moisture loss, the loss becoaes much more

pronounced, 16% decrease on an “as is” basis versus 38% decrease
on a dry weight basis. Of the four components of the resin
system, only the strong base resin was believed to have any
significant long term stability probleas. While the chloride
form of the guaternary aaines is very atable, the hydioxide forms
are less stable at high temperatures.

One must also keep in mind the temperature excursions noted
earlier. Perhaps the basicity loss would not have been as
pronounced had the temperature not increased beyond the desired
level of 60°C. Also, had the heat seals not failed, the resin
would not have been exposed to the air and the degradation may
not have occurred at all. .

he Acidity

Conversely, the acidity appears to have experienced an increase
after 3 years at nominal 60°C. There was no reason to expect any
change in acidity since the acidic component of the resin systens
is quite stable to temperature extremes. If one corrects for the
loss of moisture, the increase appears much less signiZicant on a
dry weight basis, a 48% increase on an "as is”" basis vs. 8%
increase on a dry basis. Again, the failure of the packaging
naqoriall may have coat:ibutoq to the observed changes.

i, Kvdexe Sheet Surface Area Testing
In an attbrt to assess the efficacy of the stored s;-plel in the

removal of agent, data was generated using a rough Xydex plastic’
sheet surface and thickened lCt?YI salicylate (TMS) as a simulant

.at a challenge level of 2.5 g/m’.

Initial experiments addressed the issue of operator-to-operator
vaciability using the room tesperature stability samples. The
data (See Appendix B) indicated that, within a 9%% confidence
limit, there was no statistical difference in %he aveliage level

‘of decontamination achieved by operators CCC and RDL. CCC

reported an iverage dccontalinntion of 95.2% (21.3) versus RDL'
95.8% (21.3). ‘
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Next to be addressed was the issue of efficacy as a function of
storage temperature. PFor this study the 3 years room temperature
storage samples were compared to the 3 years 40°C samples with
respect to the Kydex sheet surface area test. The average
decontamination for the room temperature samples was 96.1% (19.4)
and the average for the 40°C sauples was determined to be 95.8%
(¢1.3). Student’'s t-Test results (Attachment B) indicated that,
within the 95% confidence limit, there was no statistical ,
difference between samples stored at rooa temperature for 3 years
and those stored at 40°C. .

With respect to differences between the 1 year samples and the 3
years samples, there were sufficient data points only for the
rOOR temperature samples. The t-Test (Attachment B) indicated
~that, within the 95% confidence limit, the average level of
decontamination for the 3 years samples was statistically lower
than that achieved by the 1 year samples, 95.5% (21.3) versus
97.0% (20.8) respectively. This small difference is no cause for
alarm at this time, but should serve as an indication that
perhaps future stability testing should include the Kydex sheet
surface area tests run with sufficient replicates to perait t-
Test evaluation for all storage conditions.

Within any given time frasme no significant differences were
observed between samples stored at the various temperatures when
evaluated by the Xydex sheet surface area test.

1. Storage Stability Summary

It is important to note that no direct correlation has been
established between the ‘in vitro’ results and 'in vivo’
efficacy. The 'in vitro’ tests were originally designed under a
previous contract to allow the ranking of candidate resin
systems. : : :

It is equally important to note that all Ambergard XE-55%5 resin
stored up to 3 years in packets that maintained their integrity
met all product specifications. Out-of-spec percent solids and
basicities were encountered only after the loss of packet heat
seal integrity. Also, those packets which experienced packaging
material fajilure were not from current production and were
exposed to temperatures well above the intended 60°C limit.
Purthermore, considerable thought should be given to how much
emphasis should be placed on the 63°C data. Is this a realistic
storage tesperature? Are there serious expectations of storing
the H291 SDK at such an elevated temperature, 24 hours a day?
'High temperatures such as 60°C are generally used for FDA :
regulated products in order to predict long term stability. With
the packaging material failures, use of the accelerated aging
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scheme as a predictive tool becomes unreliable. The problem is
only magnified when one takes into consideration the unexpected
temperature excursions. :

Consideration should be given to evaluating the thermal stability
of the current M291 SDK’s being produced with emphasis on
improved temperature control and monitoring. With the multitude
of changes that have taken place throughout this program, perhaps
the packet heat seal integrity has improved sufficiently to
render any concerns about storage at 60°C irrelevant.
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2. Photoallergy Test with Natural Sunlight

a. Suamary

A study wvas carried out at Hill Top Research, Inc., St.
Petersburg, Florida to evaluate the irritation, contact
sensitization and photoallergic potential of the Ambergard XE-5S55
-resin (25% weight/volume aqueous dispersion).

Fifty eight (58) human volunteers entered the study. All
applications were by 24 hour contact occlusive patches. Forty
nine (49) subjects, 26 females and 23 males, completed all phases
of the experimental plan. The study consisted of three phases;
pretest, induction and challenge.

During the pretest phase a single application of each sample was
made to a naive site on the right upper arm {utilized for
photopatch evaluations) and to the left upper arm (used to
evaluate irritation and contact sensitization). Patches were
removed 24 hours after application by the laboratory staff and
the patch area was gently wiped with a disposable cloth moistened
with distilled water. Supervised sun exposure to the photopatch
site was conducted wvithin ten aminutes after patch removal for a
period of 15 to 20 minutes between the hours of 10:00 A.M. and
12:00 P.M. The left upper arm vas shielded from sun exposure.
Patch sites were evaluated 24 hcurs after sun exposure,

The induction phase consisted of eight applications of each

- sample to the photopatch site. Sun exposures were supervised on
Tuesdays and Thursdays; exposures made on Saturdays were
unsupervised. Photopatch sites were evaluated 24 hours after sun
exposure for applications 2, 4, S, 7 and 8 and 48 hours after
exposure for applications 3, 6 and 9.

Pollowing the induction phase, subjects did not réceive
application of the test materials for 9 to 11 days. During this
rest time, subjects were asked to avoid sun exposure to the patch
sites. , .

The challenge phase consisted of a single application of each
sample to a naive site on both upper arms. The photopatch site
was exposed to natural sunlight following the procedure outlined
in the pretest phase. Evaluations were made 48 and 96 hours
after application. :
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b. Results and Conclusions

None of the forty-nine (49} subjects completing the §hotoa11er9y
test with natural sunlight exhibited responses during the
pretest, induction or challenge phases.

Based on the above results, it was concluded that Ambergard
XE-555 decontaminating resin shows no evidence of irritation,
contact sensitization or photoallergy.

epeated Insu atch Test

a. Susmary

A study was carried out at Hill Top Research, Inc., St.
Petersburg, lorida, to investigate the skin sensitization
potential of Ambergard XE-555 resin (25% w/v aqueous dispersion).
The experimental design utilized for this study was the Jordan-
King Modification of the Draize Procedure.

One hundred and sixty-eight (168) human volunteers entered the
study. Induction applications of the test materials were made
three times a week (on Monday, Wednesday and FPriday) for three
successive weeks. The Monday and Wednesday applications remained
in contact with the skin for forty eight hours, while the Friday
applications remained in contact with the skin for seventy two
hours. One hundred and fifty-one (1S1) subjects, 74 females and
77 males, completed ail phasys of the experimental nlan. ‘

b._Results and Conclusions _
None of the one hundred and fifty-one (151) subjects conpletihq

the repeated insult patch test ¢xhibited responses durinq the .
induction or challenge phases.

No cvidenco of delayed contact hypvrsensitivity vas obaerved
durinq the Human Repeated Insult Patch Test.
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4. Ambergardm XE-555 Resin Compatibility with Chemical Protective

Masks

a. Summary

Unmasked individuals contaminated with chemical agents will mask
and then decontaainate their hands and then their face with the
SDK. In the process of facial decontamination the interior
surface of the protective mask will come in contact with the
Ambergard XE-555 resin.

The JSOR for the SDK requires that the decontaminant must not
degrade the protective characteristics of the MOPP gear. A key
element in this is that the decontaminant not degrade the
physical properties of the elastomers used in the construction of
the protective masks. The key masks are the M17 series, the M40
and the USAF HCU-2/P. Two (2) tests, a dynamic mechanical test
run at 20 dagrees C and at a frequency of 10 rad/sec., and a
tensile elongation test run at room temperature were used to
compare the properties of mask elastomers with and without
exposure to the decontaminating resin. The properties of
strength and resiliency that were evaluated are the most critical
to the use of the elastomers in the masks. These prcperties are
strongly related to the molecular weight and degree of
crosslinking of the elastomer. These molecular characteristics
are the ones most affected by polymer degradation.

b a ult

Strips of elastomer material were obtained from each of the three
types of mask, the M17A2, M40, and USAP MCU-2/P masks. Samples
wera obtained in pairs, one sample from the left side was mar~hed
with a sample taken from the same location on the right side of
each mask. One of each of these pairs was exposed to Ambergard
IE-555 resin, with the other sample acting as the untreated
control. Bight (8) ASTM D-638 Type V tensile test specimens were.
cut from each mask. Specimens were cut using a Denison Hydraulic
Multipress and the appropriate cutter. TFour (4) 9.25 inch by 2
inch samples were also taken from each mask for the dynamic
mechanical test. ‘

The mask samples were totally immersed in a mixture of 25%
Ambergard XE-555 resin and 75% water with a sodium chloride
concentration equivalent to that in human sweat (8 grams of
sodiun chloride per liter). The samples were kept in this
nixture for 336 hours at 37 (+/- 1) degrees C. The mixture was
-stirred at 22 rpm to insure homogeneous exposure. The test
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conditions approximate an environment inside the mask with regard
to a possible ratio of sweat and resin being held at body
temperature. The amount of resin relative to the elastoreric
material and the exposure time far exceed any actual exposure
conditions.

The mechanical dynamic analysis was accomplished by measuring the
tensile elastic moduli (E’) on a Rheometrics Dynamic Spectrometer
(RDS-7700, Rheometrics Inc.) at 23 degrees C. Six (6) different
specimens of each sample were examined. The results are
summarized below (Table 4). There were no significant changes
with respect to exposure to Ambergard XE-555 resin.

, Table 4
Dynamjc _Mechanical Analysis
Sample 1D Number of Average B’ Stan’ .:d
Deterainctions dynes/sq cm Dev’ 1tion
M17A2 6 1.32E+7 9.54E+7
untreated ’
M17A2 | 6 1.15E+7 0.20E+7
treated
MCU-2/P 6 1.86E+7 ‘ Q.46E+7
untreated ‘
MCU-2/P 6 1.54E+7 Q.55E+7
treated ‘ .
. Men e ‘ 1.77E+7 9.18E+7
untreated '
H4Q \ 6 |- 1.e3me1 9.52E+7
treated ' :

Tensile strength was measured according to ASTM D-638 using tyr:
V tensile specimens and a strain rate of 20 in./in./min. The
specimens were conditioned for 48 hours in. a standard laboratery
atmosphere as defined in ASTM D-618.

Elongation and Load at Break were neasured and Tensile Strength
at Break, EBlongation at Break, and Modulus at 100% Elongation
calculated. The results arxe susmarized in Table S. The values
are an average of four (4) specimens. g
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Table §
Tensile FElongation Test

————

Sample " Tensile Modulus Tensile Elongation
‘ 100% Elongation Stress
(psi) (psi) ' (%)
MCU-2/P 173.7 ‘ 1543 867
untreated
MCU-2/7 161.1 : 1520 ' 952
treatad
M17A2 148.9 4430 822
untreszted |
M17A2 143.3 3981 794
tceated
M40 - 152.1 1693 910
untreated
M40 145.3 1702 ' 906
treated ‘

From the test data there is no indication that any of the rubbers
tested have degraded after exposure to Ambergard XE-555 resin.
The varijiations observed are due to the non-uniform thickness of
the specimens tasted. : , ‘
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5. NBC Survivability of the M291 Skin'Decontaminatin Kit

The issue of NBC survivability of the XM291 SDK was addressed by
the Battelle Memorial Institute. Samples of the SDK packets and
overvrapped boxes of kits were supplied by Rohm and Haas Company
to be used in this testing. The following information was
extracted from the Battelle report.

a, Backgrougg

Aray Regulation (AR) 70-71 requires that all new items of
mission-essential equipment be evaluated for NBC hardness,
decontaminability, and compatibility prior to type
clagsification. These factors are the elements of equip-ent
survivability. This section summarizes the analysis of the SDK
packet and the box in which they are to be contained for
decontaminability and hardness following the Joint Services
Operational Requirements (JSOR) and AR 70-71. (Conpatibility was
not determined during this effort).

Decontaminability is the ability of equipment to be
decontaminated to a level which does not present a human hazard
after exposure to chemical agent. MHaterials, design, and
contamination control/avoidance are key factors in determining
the decontaminability of an item. Hardness is the ability of an
item to withstand the effects of chemical coatamination and
subsequent decontamination and continue to perfo.m its mission.

Tests were conducted with chemical agents only; radiological and
biological contaminants, although covered by AR 70-71, were not
tested since thay are not addressed in the JSOR.

Using thickened HD, both the SDK polyeater/toil la-inate packeta
and the polyester/polyethylene wrapped fiberboard box that
contains 20 kits are cholically decontaninable as defined by

AR 70-71.

The skin decontamination kit (be) does decontaminate the SDK's
to about the 98% level for thickened HD (THD) when appropriately
applied by trained por:onncl.

The overvrapped boxes of SDK'o {Unit ot Ilaue) can be
decontaainated to the +99% level with DS-2 without delctariou.
effects on the box.

?ho packotl vere found to bo co-plotoly hatd to pcnottation or
dolctcriou- ettoct of THD. .
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The overwrapped boxes are substantially chemically and physically
hard to DS-2 used as a decontaninatiqg agent.

The tests of the SDK packet and the box were designed to worst-
case standards. The use of thickened agent, high challenge
densities, contamination of seams and seals, long contamination
times, and immediate sampling following decontamination, all
contribute to creating the most challenging scenario for the SDK
packet and box (which ensures that they will also perform to
standard under more likely scenarios).

6. Packet Self-Decontamination

a, Summary

Rohm and Haas Company was asked to address the issue of the
number of individual SDK packets that could be decontaminated
using one fresh applicator pad.

Packets were contaminated using thickened methyl salicylate (TMS)
applied at the 10 g/l2 threat level. A fresh pad from a non-
contaninated packet was then used for the decontamination. The
most efficient decontamination was accomplished by thoroughly
rubbing the entire surface of each side of the contaminated
packet for the specified period of time, making sure to utilize
the entire pad surface of the decontaminating applicator pad.
Following the decontamination excess decon powder was removed
from the packet surface by tapping the packet on a hard surface
{lab bench top) and then the packet was rinsed and surface wiped
4ith methyl alcohol. The alcohol solution was then filtered
through a .45 aicron disposable filter and analyzed via U.V,
upectrophotometry. The laboratory data are presented below
{Table 6). The data suggest that thes most efficient
decontamination procedure would be the 30 seconds rub time which
would permit one to decontaminate four complete SDX packets (8

. sides) with another SDK yieldinq >95 percent TMS removal fron
each packet. .
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. Table 6
SDK PACKET DECONTAMINATION
TMS Threat Level: 10 g/H2

% TMS REMOVAL

SIDB 15 SECONDS 30 SECONDS 6@ SECONDS
‘ RUB TIME RUB TIME ~ RUB TIME
1. 81.6 97.0 99.4
T 2 83.7 | 98.1 98.6
3 96.3 | 96. 4 96.6
4 94.9 . 97.5 98.1
S 95.9 95.9 97.3
6 95.8 97.6 92.1
7 95.8 96.8 76.7
8 96.0 95.2 70.4
9 98.8 96.8 71.6
10 96.3 ‘ 92.1 40.9
7 ery Rate
a, §ul!g;1

The XM291 Skin Decontaminating Kits, as delivered from PACO to
Rohm and Haas, were tested for their ability to decontaminate
thickened methyl salicylate (TMS) from a rough KYDEX plastic
surface. It was found that the XM291 did not remove the TMS as
effectively as the previous tested prototypes. The earlier

. prototypes remcved >97 percent of the TMS whereas the XM291
removed only 80 ;arcent. During this testing it was observed
that the XM291 wis delivering less resin tharn the earlier
prototypes (0.5 g versus 1.8 g respectively). Purther
observation revealed that the resin in the XM291 tanded to be
located entirely in one half of the applicator pad and the resin
appeared to clump. It was also noted that the non-woven of the
XM291 applicator pad was considerably coampressed which could
certainly contridbute to the poor resin delivery rate. The
compressed non-woven is the result of one of the production steps
wvhich requires that all of the air be removed from the foil
packet to prevent movement of the pad during transport and
subsequent loss of resin from the pads due to vibrations.




45

It was found that proper resin release could be achieved through
manipulation of the proper variables, i.e. resin distribution in
the pad, resin clumping and compression of the non-woven. Both
the resin clumping and non-woven compression could be controlled
via changes in the foil packet compression step during kit
production. The resin distribution could be enhanced hy heat
sealing the applicator pad in the center such that half of the
resin load is contained in each half of the pad. These variables
and changes in kit design were considered in subsequent kit
design upgrades (see Section 9, Kit Design Improvements).

8. SDK Environmental Testing

Summary

The purpose of the SDK environmental test was to evaluate ‘the
stability of the XM291 Skin Decontaminating Kit packaging
components. There was no reason to believe that the Ambergard
XE-555 resin would be affected by these short term exposures as
long as the packet remains intact. For this reason, the resin
was not part of this evaluation. Long term exposure of the resin

to low and high environmental temperatures are reported elsewhere
(see Section C.1).

Thevtests were carried out in the Product Testing Laboratory
(PTL) at American Electronic Laboratories (AEL), in Landsdale,
PA. AEL’s PTL has been accredited by the Defense Contract
Administration Services (DCAS) to perform a number of standard
military environmental tests. The integrity of the foil packet
and overwrapped Unit of Issue was evaluated after exposure to
various exaggerated environmental conditions. The basis for
these tests was MIL-STD 810D. The test items consisted of
twenty-five (25) overwrapped Units of Issue. The overwrap in
this instance was the thicker version noted in the previous :
section, 4.5 mil thick as opposad to the 2.5 =mil material used in
the production of the 5,000 kits. In addition, sixty (60) ‘
individual decon packets were included in. the testing. The five

(5) tests and a brief description of their objective may be found
in Table 7.
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Table 7
Environmental

MIL-STD 81@D
METHOD

Tests

OBJECTIVE

High Temperature

Method S501.2,
Procedure I,
Induced Hot.

To determine the resistance
of the SDK components to
elevated temperatures
during their service life,
either in storage or under
service conditions.

Low Télperaturg

‘Severe Cold.

Method 502.2,
Procedure I,

To determine the resistance
of the test items to
pertinent low temperatures
during their service life,
either in storace or under
5ervice conditions.

Temperature Shock

Method 593.2,

Procedure I.

To decernine the effects of
sudden changes in the
temwperature of the
surrounding environment.

Humidity

Hethod 507.2,
Procedure II,
Induced Cyeclic
High Humidity.

To determine the resistance
of the test itemas to the
effects of exposure to a
warm, highly humid
atmosphere rcuch as is
encountered in ttopical
areas.

Salt Fog

Hethod 509.2,
Procedure I,

To determine the resistance
of the test items to the
effacts of an aquaous salt
at-osphere.

A!L.o reﬁort (Tést Reportlno 89 ~-578-
physical anomalies noted upon post-test inspection.

-9498) indicates no najor
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D, KIT DESIGN IMPROVEMENTS

Based upon the difficulties encountered during the manufacture of
the 5,000 kits, improvements in the design of the SDK were
identified. Concentrated efforts were undertaken to improve
component materials to withstand the conditions of use and
efficiency of resin delivery. The nonwoven handle, overwrap bag
and polyester backing material were found to be functionally
deficient and alternate material designs were needed.

1, Handle

The nonwoven material used to fabricate the handles was found to
have several undesirable characteristics. The material failed to
remain attached to the polyback material during many of the
decontamination demonstrations/simulations. Also, the desired
width was impossible to procure necessitating expensive die
cutting for the Phase I production.

An alternate material, a polypropylene scrim cast on urethane

. film was also unacceptable because of non-adherence to the

polyester backing material.

A 2 mil LDPE/48 ga. PET material was evaluated and although the
sealing quality to the polyester backing material was greatly
improved , tear resistance was poor and it was disqualified as a
candidate. The search for an improved handle material continued
into the next phase ot the program (See Section I.2).

Sea

The original applicator pad design included heat seals 2long the
exterior edges of the pad to contain the Ambergard resin behind
the nonwoven material. As a result of this the resin was found
to collect at one end of the pad and did not provide the user
with adequate resin for delivery at the opposite end near the
tingertips. A center heat seal was incorporated into the design
in order to provide resin delivery over the entire pad surface
during decontamination. Manufacture of the applicator pad would

‘novw be accompli shed by filling approximately 1/2 the resin

required, heat sealing the midpoint, and completing the £ill 1in
the top half of the pad. Essential to this operation was the
necessity to seal the nonwoven to the backing when resin dust is
present 1n the desiqnated area. ,
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3. Polyback

During kit lanufacture. it was found that the polyester backing
material from 3M (Scotchpak ) and Arciier was unable to provide an
adequate honding surface when the presence of powder
"contaminated™ the seal area. The addition of a center seal to
the pad eliminated each of these laminates from consideration. A
material that would seal to th: nonwoven, regardless of the resin
dust presence, was sought. After rejecting a LDPE material
modified with EVA as a sealing surface, Modern Packaging provided
a LDPE/PET/Surlyn laminate material that provided the strength of
bond required to seal to the pad despite the presence of powder
on the sealing area. :

4. Overwrap Bag

The original film material used for wrapping the Unit of Issue
was a structure consisting of 2.5 mil PET/Medium Density
Polyethylene. This structure proved to be inadequate. During
manufacture and handling, the film tore ard the seals would not
withstand sealing in the vacuum chamber. After reviewing several
candidate materials, Jaite Packaging submitted a 4.5 mil (0.5 mil
PET, 4 mil LDPE modified with 3% EVA) laminate. fThis material
exhibited an ability to provide heat seal seams that were strong
and durable.
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B. SYSTEMS ENGINEERING

1. Machinery

The next phase of the program would reguire the fabrication of
the SDK with equipment capable of production rates in excess of 1
million kits per yc: . As there were no off-the-shelf equipment
available which could be used tc fabricate these £DK, special
equipment had to be designed. Accnrdingly, requests for
proposals of equipmant for Phase II were made to six different
suppliers. Only one manufacturer was willing to Juote on
machinery for both components of the primary package, i.e., the
fiber pad and the foil packet. The Rexham Corporation submitted
a preliminary proposal of machinery. 1Initial equipment design
for a commercial speed SDX production line was begun during this

phase of the program in anticipation of the tight time
constraints for Phase II.

a., Filler Testing

Samples of Ambergard XE-555 resin were sent to Bemis Machinery
and the Bartelt Division of the Rexham Corporation. Fill test
and ;ab reports were requested.

After 80 trials, the distribution of f£ill weights were
surprisingly tight with a standard deviation of only @.218 grams.
The Rexham fillers utilize augers and we initially were concerned
that the powder might bridge and not transfer with an auger.
However, the flow promoter incorporated into the Ambergard XB-555

resin proved effective in preventing this undesirable bridging
phenimena. .

b. Overwrapper/ Vacuum Packaging Machinery Manutactgr-rs

The original plan for the first phase involved the use of a Koch
Multi-Vac machine available at PACO for the overwrapping of the
unit of issue. As the project proseeded, the va:uum sealing
chamber of this particular machine proved to be too small for the
final design of the Unit of Issue. A search into the food

packaging industry locnted 4 manufacturers of vacuum packaging
machines,

Four prominent overwrapyingy machine manufacturers wers contacted.
Of these, Koch Hulti-Vac and Smith Equipment indicated that they

‘had equipment capables of vacuun sealinq the overvrapped Unit of
Issue,
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A preliminary visit was made to Smith Equipment of Clifton, NJ to
investigate the suitability of their equipment. Their proposed
vacuum packaging machine (made in Austria) is similar to the
Multi-vac machine with a few extra improvements: an automatic
residual film cut-off, a wider seal area and two hot wires in
each of the two s:al bars. The last feature is significant, in
that the machine 18 capable of sealing through wrinkled filma.
Consequently, the Smith unit was selected for the final design.

2. Packaging Reguirements

a, vnit of Issue

A probler with the corrugated Unit of Issue was encountered
during evaluation of the 4 mil thick overwrap bag material. In
an attempt to meet the criteria to eliminate billowing of the
overwrap at the initial altitude criteria of 36,000 feet, the
overvwrapped boxes were vacuum sealed at a pressure eguivalent to
that altitude. When the overwrapped boxes were then exposed to
sea level pressure, excessive crushing on all panels of the
corrugated box occurred.

Over the course of sevc.al months theltoliovinq design
alternatives were investigated;

1. Addition of a Z-divider to the existing Unit of Issue.

2. Consideration of heavier tent corrugated ie:

' 3508 & 6508 test.

3. Cellular partitioning vithin the existing Unit of Issue.

4. Reconfiguring the Unit ot Issue dimensions to a more
cubic design.

S. Addition of top and botton layorbonrds inside the -astar
shipper to provide protection to the unit ot issue.

In our lubloquont evaluations of the above, taking into ‘account
form, fit, function and cost, it was decided to include the '
addition of a z-divider into the existing Unit of Issue (2008
test). Test results showed acceptable results at 20,000 feet of
altitude, a pressure acceptable for air transport.
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P. TECHNICAL DATA PACKAGE

1. Summary

Part of the contract requirements was the creatiocn of a Technical
Data Package (TDP). The TDP is an information source that
defines the specifications and testing requirements necessary to
manufacture M291 kits. The documents making up the TDP were the
Purchase Description (PD), Special Packaging Instructions (SPI),
Engineering Drawing Package, Packaging Cost Analysis,
Environmental Assessment and Operator’s Manual.

Much effort was <xpended completing this task, primarily due to
the nature of the development process surrounding this project
Because of continuous evaluation of kit design effectiveness,
many changes were implemented to the coaponent structures, kit
specifications and testing requirements during the period when
the TDP war being assembled. Each change initiated a process of
decision making, evaluation, validation, iaplementation,
submittal, possible revision and approval affecting the assembly
of many of the TDP components.

chase Descripticn -B-165%7

The purpose of a Purchase Description is to provide a source of
reference to anyone needing information about the source
documents, inspection and examination test requirements, and
procedures or levels of acceptance for the packaging of the kit.
The Purchase Description is not intended to define or dictate a
' specific manufacturing process.
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a. Destructive Testing

Testing requirements specify function related assembly steps of
the kit, After considerable discussion over many months, a list
of destructive tests was agreed upon for the purpose of defining
acceptable kit performance. The tests were as follows:

Total pad £ill weight

Half pad fill weight

Pad heat seal

Handle heat seal

Overwrap heat seal seanm

Total packet £111 weignht

Packet assembly leakage

Box leakage

Moisture content of resin in 'pad
Sorptive quality of resin in Pad

OO ~daunndWwN M-
.

©: s o

It was determined that a minimum of 2.8 grams of Ambergard XE-555
resin was required to be contained in each pad with a minimum of
1.0 grams of resin on either side of the center heat seal.

Testing for pad and handle heat seals assured that the applicator
pad asseambly was strong enough to withstand the rubbing required
to decontaminate the skin. With strong heat seal bonds, the
resin will deliver through the nonwoven material, while securely
fastened to the rear of the applicator pad. Overwrap heat seal

. integrity testing checked the final heat seal created during the
vacuun sealinq process.

Sublerqed vacuua desiccatot'testipq of the foil packet stressed
its heat seals by increasing the internal pressure of the packet'
"relative to the outside vacuum. As the air inside the packet'
expanded, tell-tale bubbles would show evidence of leakage. Also
upon opening the foil packet, any moisture present inside the
packet indica:ed evidence of leakage, Preventing exposure to
environmenial changes was essential to guarantee the integrity of
the Albotqard resin at the time of use.

Total packet fill weight was checked to insure against resin loss
during the various manufacturing steps. PFor example. the process

of inserting applicator pads into the packets may contribute to
resin loss.

. Moisture contont ot resin and sorptive quality of resin were in-
process laboratory tests. These test insured that the quality of
the resin had not been compromised by the procesl of warehouainq
or kit -anutactuto.
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b. Fxaminacion

Conformance 0 Li: specifications for ~ha SDK are primarily
2cterain=3d by orir:aation o€ the varlici 3 assemblies produced
Aaring kiz wmanufacture. Ex.mination i# :enducted at the
following a: seebly 3:a323 of kit fabricatiou.

1} Mo=licator pad siLr -ussembly.
2) PutXet assembly. anc¢
3) Skin decentaaina:inq LT LABETDLY.

Each 22 these have acc:ptance c_3%trila Pa~ed on 3 categories;
dikenaion, functicn, workmanshir, The packaging of ths Skin
lecontram:nating Kits ‘nto Uaity of Issue and master shinpers are
exam‘ned for correct mark’ugs, mirning components or kit
quantitias not as specified. 1 general, the Level II testing is
sslected to provide 2.2 assuran.a that defect levels would GLe
maininized and quick’ly “ouriccted. :

3. Special Packagin; Ianstructions (PS5-77-2381)

This documen. serves as a reference for identifying the Military
Standards that govern the intermediatc packaging and final

packing steps necessary to prepare the Units of Issue for
shipaent.

The SPI covers Levei A and Level B packing of tOUt‘Units of Issue
per chosen shipping container. The help of CRDEC personnel was
invaluable due to the number of tasks at hand. Specifically,

their experience in the field of Packaging Engineering quickly

identified appropriate Hilitaty Standards impacting the shipment
of the SDK. .

Bnclozed in the SPI até dimensidnal requirelents of the shippinq

~ containers, exterior marking reference documents, quality

assurance reference documents, unitization reference, and unit
pack logistics data.
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4. Drawings

The development of the drawing package for the SDK evolved over
many months. Initial Level 3 drawings for the Unit of Issue and
kit were developed during the 8th month of Phase I and submitted,
followed by 11 additional drawings provided during the 1ith
month. The level of detail at this time centered on dimensional
aspects of the various kit assemblies and component impressions
to make the kit. The drawing package consisted of the following:

Drawing 5-77-2301 Box of Twenty Decontaminating

. Kits, Skin: M291

Drawing S5-77-2302 Overwrap |

Drawing 5-77-2304 Box

Drawing 5-77-2305 Decontaminating Kit, Skin:
H291

Drawing 5-77-2306 Pouch

Drawing 5-77-2307 Packet

Drawing 5-77-2308 Packet Assembly

Drawing 5-77-22309 Applicator Pad Sub-Asseambly

Drawing 5-77-2310 Handle

Drawing 5-77-2311 Applicator Pad

Drawing 5-77-2312 Polyback

Drawing 5-77-2314 Box Insert

Diavinq §=-77-2315% Resin

Drawing 5-77-2320 Pouch Impression

Drayinq $-77-2321 ‘lPacket Inpression

Hanporinq the progress of the Drawing Packaqo was an effort to
perform kit design evaluation and upgrade. Evidence of
inadequate design characteristics led to a significant number ot
options when considering materials needed, alternate suppliers
and alternate design options. ' :

During this time, equipment manufacturers were being sought for

supplying a manufacturing system capable of producing the SDK.

Also, uncertainty vas prevalent about material structures
proposed for ths handlo. polybs - and overvrap. -
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~This task was further complicated by the need for more technical
information about material components. Vendors were required to
supply breakdowns of their laminate structures. How this should
. be depicted on the drawings was a subject of a number of
revisions. '

In the notes section of each of the component drawings,
functional characteristic data describing the necessary
attributes of each material component had to be constructed.
Minimum and maximum specification limits had to be established
for each material component. The difficulty in completing these
drawings was caused by not having an established data base of
component production. As described elsewhere throughout this
report, most packaging component nmaterials were specially
produced to satisfy uniqgue performance requirements of the SDK.
With the help of the vendors, best estimate physical data
attributes were obtained primarily using ASTM test methods.

S. Operator’'s Manual

Since the SDK will be used both for training purposes and
following an actual chemical attack, the operator’s manual
covers instructions applicable to both. The operator’s manual
was published as a Joint Service Manual. Rohm and Haas employed
the services of Koslow Technologies Corp. (KT Corp.) to provide
the production capabilities for writing, illustrating, editing
and preparing the camera ready mechanicals of the manual.

. The Final Draft Equipment Publication (FDEP) of the Operator’s
Manual for the M291 was submitted in accordance with the terms of
this contract. A copy of the Ope:atpr's Manual cover may bhe
found in Figure 14,

1, Summary

To prepare for the production phase of the project, Paco selected
a site at 1200 Paco Way. A 75@0Q square foot area was created by
denolishing a number of packaging lines. The space was intended
to contain a small warehouse, resin filling room, secondary ‘
packaging room and Quality Testing Lab. The task of constructing
the facility included activities such as the installation of HVAC
({heating, ventilation, air conditioning), electrical service,
pre-fabricated walls, drop ceilings, epoxy flcor cvating, dust
"collection and lighting. :
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The process for determining which construction vendor to choose
was as follows: :

(1) Paco Engineering created a statement of work based upon a
specific leasehold improvement need.

(2) Companies were solicited to respond with their best estimate
- of cost and method of approach.

(3) Choice was determined baséd upon cost, Small Disadvantaged
Business status and the ability to satisfactorily meet the
aggressive time schedule proposed.

Leasehold Improvement contracts were awarded to the following
vendors:

Type of Work : Vendor

Demolition M. Shine Inc.

Painting * Thomas & Sons
Electrical Gilligan & Nardini, Inc.
HVAC Worrell Bros., Inc.
Pre-Fabricated Walls Modulex, Inc.

Plumbing, Compressed Air " Ronald Veiss Co.

Epoxy Floors ' Stonehard Co.

Drop Ceilings Island Acoustics

Dust Collection ‘ Donaldson/Torit

. * Small Disadvantagedvauainess

The improvements to the facility was completed on schedule prior
to <he receipt of the manufacturing equipment from
Klockner-Bartelt (formerly Rexham Corporation). '

Manufacturing System Installatio
1. Summ

When the Rexham Corporation agreed to accept the challenge of
manufacturing automated equipment to produce M291 kits, a major
step towards full scale production was taken. Rexham Corporation
representatives were the only original equipment manufacturers
that responded positively to the Rohm and Haas/Paco proposal,

thus indicating that with time and ettort. they could meet all
requitenents. ‘




58

Prior to initiation of Phase II, engineering and design work was
undertaken in anticipation of the contract continuing. By early
December, 1988, when the government exercised the Phase 1II
option, two completely integrated manufacturing lines were
ordered, each capable of nominally producing 750,000 kits per
year, operating on a 2 shift/S day basis.

The 1list of primary equipment is as follows:

itenm ’ Function
Applicator pad machines,left Forms applicator pad
hand, Serial #’'s 3323L & 3335L assembly

Model D auger fillers, Serial #'s Dispenses Resin
150508, 150509, 150510 & 150511

High speed checkweigher conveyors |Verifies fill weight

Bartelt Model IM7-14, Serial £'s Forms packet assembly
3324 & 3336

Bartelt Model IM-~SP kit pouch Forms pouch assembly

machine, Serial #’'s 3325L & 3337L

During the months leading up to the scheduled November, 1989
First Article Test (PAT),  Klockner-Bartelt representatives were
on site at Paco performing installation, check out and final set
up to meet the specifications of the M291, Safety measures were
demonstrated, mechanical training, equipment modifications and

' installations kept two Klockner-Bartelt technicians stationed at

Paco for the better part of two months. The on-site support by
Klocknér-aartelt was evident even during the FAT for Line #1.

In an ettort to adopt a mode of continuous improvement in the
areas of manufacturing the M291, Paco kept in close contact with
Klockner-Bartelt, documenting any changes made to the equipment.
Reasons for change vary, but for the most part, dimensional
changes to the TDP necessitated heat seal bars and cooling bars
be corrected to allow for maximum tolerance. Auger tooling was
identified to best provide accurate Ambergard XE-555 resin
dispensing, which was aided by the Hi -Speed Checkweigher feedback
control module.




59

Changes in resin density within the product hoppers are evident
in the weights recorded on the checkweigher. If a weight trend
develops, then the feedback control unit changes the auger
(revolutions per minute) speed. This feature automatically
maintains consistent resin weight in each applicator pad as
needed.

Calibration of instrumentation deemed vital to the capabilities
of the Klockner-Bartelt equipment was performed by Westinghouse
Engineering Services Division.

All instrumentation was calibrated and found to be operating
within acceptable ranges of accuracy. A schedule of calibration
was recommended and was incorporated into the quality assurance
plan. :
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I. MATERIALS DEVELOPMERT AND KIT DESIGN UPGRADE

1. Summary.

Further materials developaent was performed at this stage of the
contract to evaluate candidate materials which enhanced kit
performance and/or improved manufacturing capabilities.

BEarlier manufacturing efforts were basically hand assembly
operations with little regard for eventually engineering a
complete system of equipment. Components purchased for kit
manufacture during Phase I were found to be impossible to procure
in the widths and style needed to be compatibie with the
Klockner-Bartelt equipment systenm. ,

The kit design upgrade segment covered the cost of procuring
those successfully tested materials identified during Materials
Development, reducing to practice the specific changes by
preparing functional samples, and developing special tooling to
provide the sanples. These samples were utilized in
configurational management audit reviews to support engineering
change proposals.
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2. Handle

As stated in Ssction D.1, the coriginal material selected for the
handle of the applicator pad assembly was rejected. The reason
for rejection was due to a poor resistance to tearing in the
cross direction. A number of suppliers in the plastics industry
were canvassed and the decision was made to evaluate a film
provided by the Archer Company. This film contained nylon, which
is a primary advantage when faced with a requirement for strength
and durability.

Because of the availability of this film, and the deadline to
provide a deliverable quantity of 20 kits for field testing fast
approaching, Paco purchased and used this 5 layer film laminate
for the submission. At the time, an olive drab colored film was
not available and permission was granted to use a clear laminate
for one time only. Archer gave assurance that the olive drab
pigment would not change the functional characteristics as

" opposed to the clear material. Reports from the Army were
favorable about the Archer handle material. Tear strengch, high
bond strength to the polyback and the ability to purchase this
material in a 1.5 inch roll width helped select the £ilm as the
material of choice for this function.

3. Polyback

Upon closer evaluation of the polyback laminate provided for
earlier deliverable kits, Paco representatives defined an
inherent defect in the bond strength between layers of the
materials. The layer of Surlyn was poorly laminated to the
interior polyester layer and might delaminate during the
decontaminating process. DRG/Modern Packaging engineered a
change to their manufacturing process by adding a
polyethyleneamine coating to a low density PE layer between the
Surlyn and polyester. The resulting material provided the
characteristics necessary to meet the intended function.
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4. Pcuch Material Alternatives
Cost reduction was mandated as being an issue surrounding the
Tyvek kit material provided by the Tolas Company. This item is a
high priced component, and the cost reduction issue was worthy of
investigation. The essential function of the Tyvek pouch was to
provide a quiet durable material for carrying packet assemblies
and providing printed informative instructions for use of the
kit.

The search process led to nothing that was deemed acceptable.
Structures from the Archer Company were rejected because of the
noise level, possibly ccapromising a soldier’s position.

CRDEC enlisted the help of the package engineers at the
Tobyhannah Testing Facility for a Tyvek replacement specified in
military or commercial standards, to no avail. At this tinme,
major equipment was biiug designed and a kit material decision
was needed. The material provided by Tolas (Tyvek) was chosen
and the effort to replace this item ceased. '

. AMBERGARD XE-555 RESIN GRINDING

. 1. Summary

During Phase II of this contract a zsufficient quantity of
Ambergard XE-555 resin was prepared in order to: (1) demonstrate
the ability to grind and blend at the 200 gallon scale, (2) prove
out and validate the large scale packaging equipment line
installed at PACO Pharnaceutical. and (3) produce sufficient M291
SDK’s to satisty FAT.

The Ambergard XE-55%5 resin supplied during the first phase of

- Contract DAMD17-87-C-7116, as well as the earlier Contract '
DAMD17-85-C-5200, was prepared in a 30 gallon Attritor
(grinder/blender unit) located at ‘Union Process in Akron, Ohio.
However, in order to demonstrate the capability tc produce ~
sufficient Ambergard XE-555 resin to supply several million M291
SDK’'s per year, it was necessary to scale-up this
_grinding/blending operation from the 3@ gallon to the 200 gallon
scale, the largest aize equipment of this type available.

Presented here iz a summzry of the work done to scale up the
grinding of Ambergard XE-555 resin from a 30 gallon Attritor Hill
to a 200 gallon Attritor Mill and the key results obtained.
Despite setbacks along t:e way, we were successZful in achieving
the capability to grind hmabergard XE-555 resin in a 200 gallon
Attritor Mill. Moreover. compliance with cGMP and a continual
improvement in grinding ,ields have been demonstrated.
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2. Grinding Campaign Using a 1.5 Gallon Mill

Ambersorb XE-555 resin was ground ian the pilot plant’s 1S
Attritcc Mill using permutations of 3Q0, 325, and 350 rpm, and
10, 15, 20, 25, and 39 minute grind times, and various methods of
raw material component introduction. The grinding media used was
3/16" stainless steel ball bearings. This media is identical to
media available at Union Process for use in their 200 gallon
mill. Previous grinding of Ambergard XE-555 resin was done with
1/4" media in Union I'rocess’ 30 gallon mill. Our objective was
to scale up to the 200 gallon mill using the available 3/16"
media, if possible. ,

"It was found that we could produce acceptable Ambergard YE-S555
resin in the 1S Attritor Mill with 3/16" media, by adding all of

the components together, and grinding at 350 rpm for 20 to 3@
minutes. :

Early work indicated that our method of particle size
determination by Malvern Particle Size Analysis required
improvement, because of high test to test variance. Using
designed experiments, the variance was greatly reduced by
revising the method of sample preparation.

3. 200 Gallon Mill with 3/16" Grinding Media & all-at-once Raw
Material (RM) Addition

Our attempts to repeat the r2osults demonstrated in the 1S
Attritor mill failed in the 2@@ gallon mill at Union Process. Of
the 1600 pounds of Ambergard XE-555 Intermediate resin loaded
into the mill, only 1051 pounds were recovered as product.
Excessive caking of powder on mill walls prevented mill cooling,
and resulted in moisture loss as steam and pressure buildup in
mill. The three factors that had been changad since Ambergard
XE-555 resin was ground successfully in the 30 gallon mill at
Union Process in 1986, were the media size (3/16" vs. 1/4"), the
method of raw material addition (all at once vs. dry components,

then wet component), and the size of the mill (200 gallon v3 30
gallon). :

4. Grinding Studies Utilizing a 30 Gallon Mill

To supply PACO with sufficient resin for first article testing,
1217 pounds of good quality Ambergard XE-555 resin were produced
in Union Process’ 30 gallon mill with 1/4" mediz by the component
addition method. A standard ptoduction rate of 15 batches per 8
hour day was denonstrated. '
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A designed experiment was conducted in the 2@ gallon mill to
determine what factors should be changed to allow us to grind
Anbergard XE-555 resin in the 20@ gallon mill successfully.
Specifically media size (1/4" vs. 3/16"), grind time (18 ainutes
vs. 36 minutes), and addition method (all at once vs. component)
were examined. It was determined that the media size influenced
product quality the most. Energy balance calculations showed
that the larger media was more effective in scraping the mill
walls, which allowed greater heat transfer to occur. As.a
result, less heating of the resin occurred, and consequently less
moisture was lost as steam. Based upon these results we
reconmended the purchase of 60003 pounds of 1/4" stainless steel
media for the 200 gallon mill. :

S. 30 Gallon M1ll Production

Additional quantities of Ambergara XE-55S5 resin were aade in the
30 gallon mill to supply PACO with resin for First Article
Testing. '

6 allon oduct w ew - ndi edi

Tests were run with the new 1/4° media in the 200 gallon mill.
1000 pcuius of Ambergard XE-555 Intermediate resin yielded 940
pounds of Asbergard XE-555 resin. The last drum of the fifth
grind approached the so0lids specification; compared to the last
drum of the first grind using the 3/16" media. It was recognized
that process optimization should entail improved mill cooling to
allow continuous grinding without heat buildup in the mill.

: ' .
Experiments were conducted to determine the minimum amount of
media required to achieve adcquato grinding. It was found that
$000 pounds was acceptable. It was also found that emptying. the
- mill with 15 psi nitrogen at moderate flow rates (40-60 standard
cubic feet per hour) with low speed agitation allowed the mill to
cool and permit continuous gr‘nding, without heat buildup, nor

loss of moisture as steam. The standard grinding conditions were
thus established to be:

1. 200 gallon will filled with SQ00 pounds of 1/4° stainless
steel media

2. Add4 A4ry coaponents, qrtnd at high speed tor 10 minutes

3. Add wat component, grind at high speed for S miputes.

4. 'Increase pressure and flow of nitrogen to mill, agitate at low
speed and empty mill for 3O to 49 aminutes. :

T
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From these standard conditions we were able to established
controls to insure that we could operate under cGMP. Standard
Operating Procecdures were written, training was conducted, and
audit procedures were established and conducted. Ambergard
{E-585 resin produced during this time frame was qualified as
acceptable under cGMP. The Ambergard XE-555 resin produced in
this final grinding campaign was utilized for the FAT on Line 2

“at PACO.

In order to demonstrate an acceptable resin delivery rate with
material produced in the 20@ gallon Mill versus that produced in
the 30 gallon Mill, PACO produced SDK’'s containing Ambergard
IE-555 resin from each Mill. 1Included in this study was the
effect of the nonwoven air permeability on the resin delivery
rate., The results shown in Figures 15 and 16 suggest no
significant difference in resin delivery rate between Ambergard
XE-555 resin produced in the 30 gallon Mill versus the 200 gallon
Mill. The data also show acceptable resin delivery rates for
applicator pads manufactured with applicator pads having air
permeability values of 12 inches and 18 inches of water (Frazier
Test, ASTM D737). The values presented represent averages of 3
simulated decontaminations of the hands.

K. PROCESS FQUIPMENT VALIDATION

1. Summary

This work segment covered endeavors related to the validation of
the production process. 1In this activity, the repeatable quality
of each machine subsystem was evaluated. All operating
parasmeters including machine speed, pressure, time and
temperature were challenged, analyzed, and qualified. The
acceptable range and tolerances of the operating parameters were
then established. The major quality issues addressed were:

1. Applicator pad heat seal
. 2. Handle heat seal
‘3. Applicator pad £1ill weight
4. Half pad fi1ll weigat
8. Packet leakage
6. Packet fill weight
7. Packet thickness
8. Overwrap integrity

This activity also 1nv61vod the validation of quality assurance
testing and methods, i.e. checkweighers and calibration of
associated equipment. : o
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L. CONPIGURATIONAL MANAGEMENT PLAN {CMP)

1. Summary

The Configurational Management Plan (CMP) establishes the
organization and procedures that shall be employed by Rohm and
Haas Company (prime contractor) to maintain and control the
configuration of the M291 Skin Decontamination Kit (SDK) during
manufacture and testing. The CHMP also defines the liaison
between the prime contractor and the procuring activity, U.S.
Army Medical Material Develcopment Activity (USAMMDA) and between
the prime contractor and the SDK initial production manufacturer
(subcontractor), PACO Pharmaceutical Services, Inc. The CMP was
developed in accordance with the format and content requirements
of MIL-STD-1456. ) :

At Rohm and Haas, the M291 SDK Principal Investigator (PI), was
assigned overall management responsibility for performance and
product delivery under this contract. This management
responsibility included the institution and monitoring of a M291
SDK configuration management (CM) program. This CMP was the

guiding directive for M291 SDK configuration management during
the contract period of performance. The PI interfaced directly

with the USAMMDA conttactipg Officer’s Representative (COR) in
all M291 SDK technical matters, including CM. A Rohm and Haas
M291 SDK Configuration Manager was designated by the PI.

Figure 17 is an organizaticnal relationship diagram shoﬁiﬁg the
interfaces between Rohm and Haas, the USAMMDA, and the M291 SDK

'initial production subcontractor, PACO Pharmaceutical Services,
Inc. ) : o

A M291 SDK Configuration Control Board (CCB} was established at.
Roha and Haas Company. Membership of the CCB consisted of
representatives from Research and Development (R&D), Contracts,
Engineering, and Quality Assurance. All members of the CCB were
appointed by the PI. Pigure 18 shows the CM organization within
Roha and Haas and the makeup of the M29: SDK CCB.

Figure 19 shows the CM organization that was established at PACO,
including the CHM Advisory Board that was established to assist
the sub-contractor Configuration Manager in the evaluation of
Engineering Change Proposals (ECP’s) within the PACO
organization.
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As a requirement of the Configurational Management Plan, a 100%
dimensional inspection of the Technical Data Package dimensions
was required to ensure that the drawings accurately reflect e
M291 Kits that were produced during the First Article Test. A
second requirement was to write the First Article Test 'P.: .edures
to validate the Purchase Description EA-B-1657. The tc¢st¢
procedures were written to stress the initial testina beyond the
normal requirements. '
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M. ENGIKEERING CHANGE PROPOSALS (ECP’'s)

1. Summary

During Phase II, thirteen (13) Engineering Change Proposals and
their corresponding Notices of Revision (NOR’s) were submitted as
a result of a more in-depth review of the drawings and other
documents in relationship to the actual manufacturing and testing
processes. The requests for ECP approval were as follows:

Numbers in parentheses represent the document of the TDP
affected. , :

RHQQ@1-(5-77-2307) - Packet Notch dimension and tolerance -

changed side notch location and dimensional tolerances of all the
notches.

RHQ@Q2-(5-77-2307) - Packet notch depth - chaige notch depth and
tolerances - *{Abandoned as a recult of equipment re-tooling)

RHQQ@3-(5-77-230@8) - Packet thickness - Decrease minus tolerance.
reflecting improved process control.

RHQQ4-(EA~B-1657) - Sorptive Quality of resin ~ revised sorptive
test procedure to identify 0.1 N iodine solution and add the use
of iodine calibration solution

RHQO5-(5-77-230@8) - Packet .top se¢al dimension - 1n§reased
tolerance on seal width to agree with DWG. 5-77-2307.

- RHOQO6/RHQ@7 (5-77-2310, 2311) Package component attriﬁutes
address notched tear and air permeability parameters.

RHOO8-(5-77-2309, 2311, 2312) Applicator Pad assembly lncreésed
end heat seal widths, and overall length of the pad.

' RH-0@9-(5-77-2301) Bar Codes were revised on squad box and
relocated.

RH-910-(EA-B-1657) Overwrap Leakage Test method expanded . to-
include specific angles for the test specimen to be presented to

the water,. and the maximum area to be covered by the angular
device.

— i rgre = - o Dl

i e
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RH-911-(5-77-2302) Pouch impressions changed the amount of
adhesive in material description and changed spec values to
reflect vendor’'s actual values,.

RH-012-(5-77-2301) "H" faping added specific taping method to
reduce possibility of overwrap bag failure.

RH-013-(5-77-2302) Overwrap bag'width/heat seal width tolerances
Wwere expanded. '

N. SAFETY ENGINEERING

1. Manufacturing Facilities

The building of the facility at 1200 Paco Way and the
manufacturing of the equipment were performed with safety
measures being a major priority. All training of personnel
centered around the safest and most efficient way to perform the
tasks. Lab safety was built into the layout of the area, with
ergonomics being considered. Incineration of packaging material
scrap was implemented and performed at Rollins, Inc. These
measures and many others consisted of the Rohm and Haas/Paco
effort to provide as safe an operation as possible..

Major piéces of equipment were installed by the service
technicians of the respective companies to insure proper wiring
and operation prior to release to Paco. ‘Dhst collection was
provided to remove and collect resin dust [caused by the '
‘manufacturing process. Employee éxposure [to excessive amounts of
airborne particles was of primary concern. Plexiglas’ guards
‘'were interlocked with the machine stop switch to prevent any
machine movement while the guard is opened. Preventative
maintenance was implemented to take a proactive approach to
é¢liminate hazards. :

A Safety, Health_and'anvironméncal (SHE) review was perforned'by
a Rohm and Haas representative and the facility was deemea
acceptable prior to the Pirst Article Test in November, 1989.

2, Ambergard XE-SSS Resin

Testing of Ambergard resin for flammability was necessary due to
the requirements of equipment manufacturing safety decisions.
Rohm and Haas contracted with Fenwal Inc. |[to perform a series of
tests. This was to simulate conditions that would cause an
explosion or ignition of the resin. After testing, the
explosibility of Ambhergard XE-~555 resin was considered minimal,
with a classification of ST-1 (least hazardous) being assigned.
The ninimum explosive concentration (MEC) was determined to be
170 g/m’ and the minimum oxygen zequired for combustion, 18%.
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0. PRODUCT ASSURANCE/QUALITY ASSURANCE PROGRAM PLAN

1. Summary

During the period covered by Phase II of the contract, material
specifications were determined, Standard Operating Procedures
were finalized to evolve into the Quality Assurance Program Plan
and material and product test methods were agreed upon.

2. Material Specifications

Considerable effort was expended to pursue attribute values at
material suppliers to provide justification data for setting
specification requirements.

In pursuit of this goal, PACO set out on a certification program.
with all its component vendors to set in place the structure,
format, and purpose of the desired certifications. along with
collection of the necessary data.

3. Quality Assurance Program Plan (QAPP)

Contract modification required preparation of a Quality Assurance
Program Plan (to replace the previously required Inspection :
System Program Plan) requiring a more comprehensive effort on the
part of Rohm & Haas and PACO to address the overlapping
requirements of GMPs, the requirements of the TDP, and the
Standard Operating Procedures of PACO and Rohm and Haas Company.

As previously noted, the M291 SDK has been determined to be a
medical device as defined by the Food and Drug Administration
(FDA). The manufacture of medical devices is regulated by the
general controls applicable to all such devices. and specific
standards which apply to particular devices or classes of
devices. The general controls for the manufacturing of madical
devices are published in 21 CPR 820 (Code of Pederal
Regulations).

Every finished device manufacturer is required to prepare and
implement a quality assurance program that is appropriate to the
specific device manufactured and consists of procedures adequate
to assure that the following functions are performed:

1. Review of production records;

2. Approval or rejection of all components, manufacturing
materials, in-process materials, packaging materials, .
‘labeling, and finished devices; approval or rejection of
devices manufactured, proces:ed, packaged, or held under
contract by another company; :
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3. Identifying, recommending, or providing solutions for.
quality problems and verifying the implementation of such
solutions;

4. Assuring that all quality assuraﬁce checks are appropriate
and adequate for their purpose and are performed
correctly

The Quality Assurance Program Plan (QAPP) was submitted to DCASMA
Phi- GAQCD reviewed and accepted.

P. PIRST ARTICLE INSPECTION PROCEDURE

1. Summary

" As required, the First Article Inspection Procedure was prepared
and submitted prior to the beginning of the first article test.
The First Article Inspection Procedure was designed to ensure
that the M29: Skin Decontaminating Kits meet the recuirements of
the Purchase Description EA-B~1657. For each of the two
manufacturing lines that the procedure was used for, 20 Units of
Issue were required. The First Article Test Procedure lists the
requirements and purchase description paragraph reference, the
sample size, accept/reject criteria, and the test paragraph. The
accelerated aging was done at 48 degrees C for 24 hours while the
cold storage was done at -54 degrees C. The Unit of Issue
conditioning was done by AEL Defense Corporation with a DCAS-QA
specialist signing off on the test report. The results of the
testing were reported in the First Article Test Reports.

Q. FIRST ARTICLE INSPECTION REPORT

1. Summary

A First Article Inspection Report (PAIR) was prepared .and
submitted, documenting the results of the pre-production tests
and examinations outlined in the First Article Inspection
Procedure. This report shows completion of the inspections
performed and the results of those inspections to demonstrate

that the first article M291 SDK’ s conform to the applicable
technical requircments,

), st Article Test-Paco Manufacturin

The First Article Test for Line #1 was conducted on November 7
‘through 9, 1989. The purpose of the run was to validate the

. Technical Data Package on the first of two manufacturing lines
installed at Paco. PRepreseniatives of Rohm and Haas Company
(contractor) as well as the US Government (USAMMDA, CRDEC,
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AMCCOM, and DCASMA) were present during testing.

Data was collected in accordance with the First Article
Inspection Procedure document dated October 12, 1989. 1In
addition a 100% dimensional inspection was carried out as
specified in the Configurational Management Plan dated August,
1989.

Several deficiencies were noted during the test run by the :
attendies present. . Quality Deficiency Record was issued by the
DCAS-QAR. The daficiencies noted during the run were as follows:

1., Drawing # DS5-77-2306, Th2 Tyvek pouch side seal was under the
minimum dimension of 0.25 inches. Passed First Articie

Retest. '

2. Drawing # DS-77-2308, The Foil Packet top seal was out of
specification. Approval of ECP No. RHOOS resolved the issue.

3. Drawing # D5-77--23Q09, The applicator pad side seal dimension.
Passed First Article Retest.

4. Drawing # DS-77-2307, The notch depth was out of
specification. Passed First Article Retest.

5. BA-B-1657, Handle Heat Seal Paragraph 4.4.4.6. Handles
failed the hang test. .

6. Certification not on hand for material used in the First
Article Testing. Vendors to provide certification after they
have gained reasonable experience with the materials.

A conditional approval was given for manufacturing line # 1 with
full approval being withheld until the second manufacturing line
fully passes its First Article Test.

3. Pirst Article Test-Paco Hanutacturing Line $.2

The second Firs:t Article Test was conducted on April 18, 1990.
'The purpose of the run was to validate the Technical Data Package
on the second manufacturing line installed at Paco.
Representatives of Rohm and Haas Company (contractor) as well as

the US Government (USAMMDA and DCASMA) were present during
testing.

The First Article Test Results as outlined in the First Article
Test Report on the second manufacturing line demonstrate the
successful producibility of the M291 Skin Decontamination Kit.

The attached photographs (Figures 20, 21 and 22) show the final
M2391 applicator pad, loaded foil packet and the complete M291
Skin Decontaminating Kit, respectively. Pigure 23 is a schematic
of the Unit of Issue and its components.
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FIGURE 23
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R. ERVIRONMENTAL ASSESSMEYT (EA)

1. Summary

" An Environmerntai Assessment was prepared by a Roanm and Haas
Company Regulato.,y Specialist. The EA states that no significant
environaental impacts are anticipated as a result of the
production, depicyment, use, or disposal of the M291 'SDK,.
Consistent with its polymeric and carbonacecus nature, the active
decontaminating ingredient, Ambergard XE-555 resin, 1is an
essentially safe, environmentally non-hazardous material. All
materials may ke safely dispo3ed of to conventional sanitary
sewers or approved. landfills and incinerators. There are no
known conflicts or inconsistencies of this program with existing
or proposed federal, state, and local land and water use plans,
policies, laws, and controls.




APPENDIX A

AMBERGARD XE-555 RESIN STABILITY DATA




Rge88y
[eNoleNoNeNo]

8828
OO0

A28]88
QO O0OO0OCO

2
=]

88
[oNe]

N HNDONOY
P NN NS
IIRRCARGS

%

(001508 4 A1 050°0 00Z°2L oot zL TL0°0 ost-zL Z -
(00128 421 000°0 ooZ 2L 00z cL 000°0 ooz 2L - C
00) 8 44 0s0°0 oot°zL 000°CL TL0°0 oso*eL - LA
- 009781 - 00070 ooe vL - 0oL vL 000°0 00t°¥L z
00G°£ST 0s0°0 208°9L 0oL 9L TL0°C 0SL 9L z
00T SvT 10,71 g ) ooLeL oov-ezL creo 095°2L 4
. ) - . - - e . . . o
00Z°8¥T 002°0 00E“vL 006° €L £82°0 oot vL 4
00Z°8v1 0010 002 ¥L 000~ VL Twio 00t*vL 4
oog-shl 050°0 00Z°¥vL 00T"¥L 1L0°0 0,71 88 72 -C
- 009 ¥t 000°0 00E2L ooe eL 000°C 00t-2L 4
6=l
005°8¥1 oL L 0oz vL- oG- 052 bL 4
00T°6%1 000°GL 00T°¥L 9t9°0 085°bL 4
005°shT 006°2L 009°2L ALY . osLteL 4
00L°0sT 00G°SL 008°¥L - G6¥°0 ~OS1°SL <
00¥-gst 00£°9L 001°9L 10 00Z°9L 4
- 008°evt 000°2L 008°TL wio 006°TL [4
. . - . . ) o
002°0sT 00z sL . 000°SL mwio 0ot sL 4
. . i . ) . ‘ . o
00€°LYT 008° €L 00S°EL [4 A 1 I 0S9° €L -C
009°v¥1 00c eL ooE* 2L 000°G 00E°CL (4
~ 00=dWdl,
JTIVA JTIVA NOLINIAT]
s WD WIINIA QNMRNIS NYIH N ]
2°G6 0°¢6 G°Z8 . 8°88 c'oL e 1A 1°6L 6°8L 8°LL €L 0$0 8
v°s6 1°€6 0°¢8 v°88 - TLL (Al A T°6L - £°6L £°8L €zL. 209 L
Tve L°TL veee 6°€tL LA * 8°€L -€T9L 9°cL £°cL 0 -9
£ve 6°0L 6°€L L 0°cL 9°tL £°9L Z°EL £°ZL 0 S
A4 o°cL £V L°9L L°zL B 2 /AN Al /A v i 2t 4 A 25¢C - 14
AR A A 1L £°vL 8oL . ¥°CL 6°CL 0k Al /A €L e 74 €
0°GL. 9°ZL 8 VL €' oL 0°ZL 2°SsL ¢ S°EL €L 0 - T
T°vL 6°CL G°SL 1oL 8 1L 0°sL B8 tL £ 0 B

:
:
:
E

YING ALTTHYIS SOG-IX IV




00°0 000°0 002°G6T 000°0 009°L6 009°L6 000°C 009°L6 z
v1°0 020°0 009°061 001°0 cov°S6 - 002°G6 wiso 00£°S6 z YGONH
¥8°0 509°0 001°S8T 055°0 001°¢6 000°26 8LL°Q 055°26 Zz STHINGN
o GZI°0 006°G9T 052°0 000°€8 005°2Z8 vSE°0 05L.°28 Zz T ZTHINH -
1€°0 080°0 00Z°LLT 00Z'0 008°88 0ov°88 £82°C 009°88 'z GIINH
26°0 00G°0 00%°£ST 00S'0 002°LL 00Z°9L wL-e 00L°9L R 4 SHINCH
00°0 000°0 00v° 2yl 000°0 002°TL 00Z°1L 000°0 002°TL rd VHINGW
00°0 000°0 00Z°8ST 000°0 00T°6L 001°6L 000°0 00T 6L z. SHINW
se'0 080°0 002°8GT 002°0 00£°6L 006°8L £82°0 00T 6L 4 THINK
G¥°0 SZ1°0 001" 951 052°0 00€°8L - 008" LL $SE°0 050°8L ra TINH
00°0 000°0 009° ¥V 000°0 00€°2L 00t 2L 000°0 00£°2L 4 CHINH
009=I1L :

60°0 S00°0 005" E¥T 050°0 008°TL . 00L°TL Lo°n 0SLTL 4 9EHINK -
61°0 020°0 (00 a8° 21 001°0 00E" YL 00T ¥L wio 00Z°¥L 4 YTHINH -
6L°0 0Z€°0 009°2ZV1 0ov°0 00L°TL 006°0L 99G°0 00£° 1L 2z _ STHINH
8v°0 GZ1°0 00€°LVT 052°0 - 006°EL 00V €L ¥sE°0 059°€L z ZTHINW
8L°0 S10°0 00T"8¥T 0S1°0 00Z°vL - 006°€L Zieeo 0%0°¥L 4 GHINH
6£°0 080°0 (00} Ad 21 002°0 oo 2L 000°2L £82°0 00Z°ZL 2 GHINDK

. . . . . . . . o PN
61°0 020°0 00b°LYT 00T°0 008°€L 009°€L 142 800) 00L°EL 2 CHINH
00°0 000°0 009°2ST 000°0 00£°9L 00£°9L 000°0 00£°9L z SUNN
£G°0 081°0 008" SV 00£°0 00Z° €L 009°2L 74 AfY] 006°2L 4 THINK
00°0 000°0 009° b1 000°0 00€° 2L 00£°2L 000°0 00t£°2L 4 CHINW

D0 t=TWIL —
. NN 30 ATTYA AMIVA NOLINIATY .

AD TONVIIVA WS WA AIS WD WININDH QNANIS NN N TEVRNA




000" V6L -

"000°6LS 000°GLE 88 e

000°LLE

GL°0 000 000°2 z
LT°0 000°€6L 005°0 000°L6€ 000°96€ L0 005°96€C z
- 000" LOV . 000°LOY 000° LG¥ - . 000°L0% 1
D09=dH3,
98°¢ 000°2h2 000°908 000°TT 000" ¥1¥ 000°Z6 -  965°ST . 000°€OF - 2
00°0 000°0 000°868 000°0 000°6vY 000" 6bY 000°0 " 000°6%Y z
. . 000" LOY S 000" LOY 000° 0% 000" LOV 1
D0t=4T, ‘
910 0050 000°T¥8 005°0 000°12¥ 000°02Y LOL°0 005°02¥ z
95°¢ 000°242 000° L8 000°TT 000°8bY 000°92% - 995°GT 000°LEY z
. . 000" LOV . 000° L0% 000° L0% - 000°LOV T -
DG Z=aWAl, .
£L°2 000°82T 000°928 000°8 000" TZY 000°S0Y PIETT © 000°€ETLY 2
1€°0 000°2 000°068 000°T 000°9%F - 000" v PIb 1 o0 T
. . 000" LOY . 000" LO¥ 000° L0¥ . 000°LOY I
D0=a3, - -
. : NG JO BTIA ATIVA NOLIVIAT]
AD TONVRIVA WS IRE S WX WIINIH QMNVIS . NGEK N
6LE 96¢ - . 200 8 o
GLE L6€ . LoV 209 L
vy 67y . or 9 .
z6¢ ebr L0V o0 0§ -
12y 9z . 5T v
oy ey oy - o5 £
12 vy . 20 z
GO ovh Loy 0 T

CIHHINW 6HINH OHINW #dJdEL SO

(oA 08)
DN INDS
VINI ALTTIHYIS SSG-IX QIVOMIHW




PARTICIE SIZE STORAGE DATA

(MICRINS)

MNIDS  MNIHI2 | MNI4

aBs TEMP  MINTHO

MONTH1 MONTH2 MNI3 MINIH4 MONTH6

© S VN W
V-RV- RV VY
AT HM
. 3 . 4 Kl

I~ €0 00 00
oS e~
. . * . .

N~~~
Howunm
L] . . . .

TN
L] L] . . .

2 Qa o
LRI
™

L] . . . .

0

-« i
i . L] L] L

© 0
O @ ")
© * L4 . .

wo T

6.8
6.6

6.3
7.1

6.0
5.8
5.4

7.5
9.1
8.0

4.0
4.2
4.0

o Q
[TelR's]

6.3

2
25C
25C

9.3
8.7

4.2

4.4

4.3

4.3

6.7

5.5
6.3

6.6
6.3

6.9

4.4

@ ®© Q
2da3

‘ MAXIMM A SID ERRR

Cc.V

VARTANCE

MEAN MINIMM
DEVIATION VAILE VAILUE OF MEAN

N

0.566

E

®,.%8 3I8RT
o N DN
o © ocooo
2§ § 8888
4° 9 9388

%..g.ggag
o S 'coso
88 8§ 8288
6o ‘< ‘dNo9

3.775
7.475
8.175
6.650

3.9¢

1IN -]

Nrd Qe ORI

ARG

3 8848
L ] L] L .n.H. . 4
'S ‘66958




A-5

YT RIS JZIS

IDIRNVT

69° 1T £9T1°2 ‘00£°0G GEL"0 000° %1 006°01 wei GIG°ZY - v YIINH
. . . - - . ) - . e ) Nﬂ.s
09°G £LT0 00£°22 B ZAd) 006°L , 00T°L 91v°0 X% 2 A € - GIINW
£6°Y L60°0 _oov L2 GGT°0 002°L - 006°9 . TIETO 058°9 v HINDH
81 L00°0 009°L1 0°0 00S°¥ (1701500 ‘20 '280°0 oor'y - v YHINCH
68°9 292°0 006°62 952°0 000°8 008°9 ziso GLY L v CHINCH
AR LETO 009°99 G81°0 002° LT 00V °91 0LE°0 - 069°9T - v SINH
. . 009°6 . 009°6 009°6 - 009°6 T THINW
61"t 005°0 009°TT 005°0 00€°9 00€°G LDL°0 008°S Zz OHINCHW
18°1 910°0 00L* L2 £90°0 00t L 008°9 9Z1°0 GZ6°9 14 YHINK
10°L " 622°0 00€° L2 6£2°0 ooV L 00€°9 . 6Ly G289 v ZUONH -
e 199°1 00v" 8¢ S¥9°0 00G°TT o0L°8 S T62°T- 009°6 - v aiINN -
£0°¢ L10°0 000°LT G90°0 oov°v 00T ¥ 6Z1°0 oSz Y v GHINH
- - - i - - . - - .. - ° g
Loy 0£0°0 000°LT L80°0 ooy v 000 ¥ €L1°0 0se'y v CHINCH
Se'T " £00°0 . 000°LT 620°0 00c v 00Z°Y 850°0 (4,27 4 v TUNH
. . 00L°9 o 00L°9 00L°9 . 00L°9 v THINCH
8576 0zE°0 008°TT 00%°0 00£°9 00S°S 995°0 006°G z CHINCH
20t=3L -
e £v0°0 002°92 Y10 - 008°9 00€°9 802°0 065°9 v P THING
r4:al’) 4281 00G° €2 681°0 00~"9 00%°S LI£°0 G(8°S 2 ZTHINCK
£8°8 605°0 00£°2¢ LGE°0 0016 00G°L ¥iL'0 GL0°8 v GIINHK
£9°¢ 220°0 006°9T 61070 00E° v 000"V -0G6T°0 GV v SHINOH
. . - . . . - - ) . 0 ’ % .
15°1 " 600°0 00L°61 8v0°0 000°S 008°¥ 9600 GZ6°V i 2 EHINOA
60°2 © L10°0 009°¥Z G90°0 00£°9 000°9 621°0 0st9 v THINOH
. . 006°9 . 005°9 005°9 e 005°9 T THINGH
86°6 0Z£°0 008°TT 00v°0 00€°9 005°S 99G°0 006°S z CHINCH
OGZ=dAL
NN JO qa0vA - ATIVA NOTIVINQ -
AD TONTIRIVA NS W AIS WD WIHINDN . QIVINUIS NV N IEYDINA
(NI _

¥




82" 19 100°0 SZ0°0 080°0 0£0°0 G€0°0 GG0°0- 4
90° 6% 000°0 _ 600°0 £€0°0 910°0 21070 ¥20°0 z
: . : ov0°0 o%0°0 . 0%0°0 T
8Z°0T 000°0 000 “6G0°0 160°0 - 900°0 GG0°0 4
YLy 000°0 v00°0 910°0 800°0 900°0 FATVN) 4
g€resy 000°0 800°0 T€0°0 910°0 TI0°0 £20°0 4
. - .o . - . .0 N . o.
88°C 000°0 000°0 G20°0- ¥20°0 - T00°0 ¥20°0 r4
oletlev 000°0 £00°0 6t0°0 ¥€0°0 110°0 Wo'o z
11°2 000°0 T00°0 ¥£0°0 ££0°0 100°0 £€0°0 4
88°C 0009 100°0 G20°0 ¥20°0 100°0 ¥20°0 4
OGZ=dWAL-
95°8¢ 000°0 S10°0 0L0°0 010°0 ‘0 G50°0 4
rAREAN 0000 $00°0 1S0°0 8%0°0 0 750°0 rA
. 000°0 000°0 - 000°0 000°0 ‘0 000°0 4
AR 000°0 $00°0 990°0 860°0 ‘0 290°0 KA
8z v 000°0 000°0 L10°0 910°0 0 910°0 z
Vi ve 000°0 £00°0 ¥20°0 L10°0 ‘0 020°0 Zz
. - - - - . - °
G8°2L 000°0 600°0 G20°0 £00°0 0°0 910°0 2
. . . . . . . 0
82°8C 000°0 - $00°0 " $20°0 910°0 900°0 020°0 z
88°C 000°0 T00°0 G20°0 ¥20°0 100°0 -$20°0 Z
D0=TWHT, ‘ -
AD DNVIIVA WA AIS WD WININIH QIS NYIH N FEVRIVA
€T°0 9110 £90°0 950°0 890°0  990°0 G e 8
(1°0 L0T°0 650°0 8€0°0 ¥L0°0 £90°0 ¥20°0 L
€0°0 0v0°0 £€0°0 . ££0°0 o0°0 G20°0 9
80°0 050°0 910°0 . Z¥0°0 v£0°0 v20°0 S
€0°0 £€0°0 T€0°0 $£0°0 ve0°0 G200 v
£0°0 910°0 910°0 6%0°0 ££0°0 ¥20°0 €
¥0°0 8Y0°0 L10°0 . 910°0 S20°0 ¥4
LD°0 1G0°0 ¥20°0 $20°0 ¥20°0 1
OCINW  VZHINOd STHINOW  ZTHINOW  GHINOW  SHINOd  WHINW  EHINOH ZHINGH THINKH @#HNKH @ #Jd&L S0




A=7

L
o
5..!1 .

100°0 00£°0 020°0 0LT*0 ofty 820°0 oSt'0 z
0L"G 000°0 £22°0 500°0 9TT0 LOT"0 900°0 o z

- . 060°0 y 060°0 060°0 e 060°0 1
89°€T 000°0 9810 600°0 201°0 v80°0 £10°0 . £60°0 z
sz°1 000°0 €TT°0 0000 1S0°0 950°0 100°0 950°0 z
L6°8 000°0 921°0 ¥00°0 £90°0 650°0 900°0 . £90°0 z
80°LZ 0000 ¥60°0 , 600°0 950°0 8£0°0 €10°0 . Lv0°0 z
96°0 0000 LYT°0 100°0 vL0°0 £20°0 © 100°0 €L0°0 z
L6°G 0000 - Tt £00°0 vL0°0 890°0 ¥00°0 00 z
901 000°0 €€T°0 100°0 £90°0 990°0 100°0 990°0 z
88°C 000°0 6¥0°0 100°0 $20°0 - 420°0 100°0 ¥20°0 z

209-a1EL —

82°19 100°0 oTT 0 520°0 080°0 0£0°0. S€0°0 $90°0 z
et 000°0 0600 500°0 050°0 0v0°0 £00°0 5%0°0 z

. . 120°0 . 120°0 120°0 . _ Teo0°0 1
96°82 000°0 £80°0 800°0 05070 - £€0°0 zZ10°0 1070 z
9¢" L1 000°0 £50°0 £00°0 z€0°0 520°0 900°0 820°0 z
90°6v 000°0 6v0°0 600°0 £€0°0 910°0 Z10°0 v20°0 z

. . . . . B . . o
vz g6 100°0 6v0°0 910°0 Tv0°0 800°0 £20°0 ¥20°0 4
16°9T 0000 SL0°0 - 00°0 Zr0°0 £€0°0 900°0 L£0°0 z
9v'TT 000°0 b0°0 £00°0 0v0°0 v£0°0 ¥00°0 L£0°0 T
88°C 0000 6v0°0 100°0 520°0 ¥20°0 100°0 ¥20°0 z

D0V=dHEL
NYIH 30 AITINA ATINA

A'D WRE S WX WIINIA GNONVIS N




00e°1
00g"0
00v°0
0S6°0
osl'y
00s°1

006°1
VT AN
056" 1T

3¢ 8 288888
3

o~

+. ¢ & *
ML OoOOoOmMmMO

(3]

2

NN NAN
Qe QO
cou;g\ox\\oc\cov
dtquadnQ
0 0 O
A~ oo} ‘_40\
MmN~ O
» s »

Qoo

:

i
8%

S0 n
=

O\SCD\DO\

FNOMTOWIRN
;% e % ® s e & &
gﬂ"ﬂ'tsi\ﬂ'l\

c00°S oov°Z 00L°€ z 9EHIN-
000°L 00%°9 00L°9 2z YSHINOH
00€"L 005°9 006°9 Z STHINTA
00Z°8 00€°9 oszL z ZUHINGW
00E" ¥ 000"V oSL°'¥ rd . GHINGH
005°0T 005°L 000°6 z SHINOW

. . . 0 HINN -
001" 2T 00L°6 . 006°0T z EHINDH
00£°8 005°¥ 00v°9 z . THMCH
009°0T 00T°L 058°8 ¢ THINDK
005°L 00b* ¥ 056°S 4 © OHMINCH

OGT=iiNEL

00S°€ 000°2 0sL e z 9EHINDH
000°ST oov°'s . 00L°TT z YIHINOH
00%*6 0016 052°6 2z SN - -
00€°0T 00£°6 008°6 4 ZIHINDX
00b° €T 00Z°¥ 008°8 z - GIINOH
006°TT 0c9°S 05L°8 -z SHINH

. . . o - VHINOW
00T*9T 000°6 0s5° ¢t z . EHINCH

. . . 0 ZHINW
00Z°TT 00Y°8 008°6 z HINH -
005°L oov° ¥ 056°S g4 OHINTN

D0=dWAL,

WD WM NI THVRIVA

G'L 80T 0°'6 SV 8L S 209 8

AR g et 1L 0°6 €L by 09 L

v°TT . 0°6 1°9 S*v 6L o0Y 9

6°0T G'6 89 0L v’y . O0v S

G'L L6 €8 I'L GL o TANN

G°0T 12t Sy 9°0T vy o5z €

9°g 1°91 . v'8 S°L 0

6°TT 0°6 A1 vy 0 1

i
%
;
:
:

© (qEI0s3 %) NOLIROSAT WdvA SID
VIMI ALTTIHWIS G6G-3X QIVIIETWY

:
E
:
§
:
:
g




CIS VARCR DESORTITGH

$ DESCREED

Cc.v

M

CF MEAN

N

SIRNDARD  MINIMM 4 MAXIMM  SID ERRR
. VAILE  VAIE

TMP=40C

MEAN

oooooooooooo

...........

288% 8E838S
4493 {3a=a°
REER §3g3a3
-~ OO

ooooooooooo

ooooooooooo

ooooooooooo

| el

ooooooooooo

ooooooooooo

ooooooooooo

00000000000

oooooooooooo

NOMAHMONHMHMO

23883382288

ooooooooooo

m-bowﬂhm.mmwﬂ

NANAQAANNNNNNNN

1]




A-10

sve o oceE" v 0s€°0 00G°

20°¢€2 Z 008°T S6Y°0 05T ¢ Z ICHIN
1€°S S0 00£°€T 052°0 006°9 0ov°9 " ¥6E°0 059°9 b4 . PTHIN
96°82 08L°C 009°91 o0L'T 000°0T 009°9 vov-2 00t "6 z STHINH
wooL svz o 00£° €T 05£°0 000°L . 00£°9 S6Y°0 059°9 4 TTHINH
120824 086°0 000° %1 00L°0 00L°L 00£°9 066°0 000°L z GHINOA
8L°8 S09°0 00L"LT 055°0 oov°6 ooc e 8LL°0 0s8°8 z SONN
. . . .. . . . . o VHINGA
. 001°8 . 00T'8 -~ . 001'8 . 001’8 1 . CHINCH
80°8Y 08LS . 0H00°0T 00L°T 00L°9 00" ¢ 10 Ak 4 000°S 4 HINW
96712 GZT°9 0oL LT 0SL°T 009°0T oot°L SLY°Z 0s8°8 4 THINK
vi-se 0zZt°s 000° 8T 009°T 009°0T 00v°L £€92°C - 000°6 Z CHINOWH .
o eroctinc A :
LL°9¢ 03€°¢ 000°0T 00€°T 00€°9 0oL'E ge8° 1 - 000°G oz 9UHLINH
Z0°GY Oz ST 00€°72 . 08S°E 00L°¥T 009°L 020°G . oSt Tt z YTHIN
Y912 vz 6 00T *8Z oStz 0sZ 9t 006°TT ¥0°¢ 050°vT 2 STHINDH
26°S Sov°0 005°12 osy°0 00Z°TT 00¢£°0T 9£9°0 0SL°0T 2 THINH
09°65 S00°€T - 001° 2T 055°2 009°8 005°€ 909°€ 050°9 z G{INH
1813 08L 12 (04 2k 00€°€ 005°0T 006°€ 199°v - 00Z°L z SHINH -
. . . v . . R - - - ‘o gu
. 00L° €1 . 00L"€T 00L° €T 00L €T 1 CHINCH
- . . e . . . ° , g_
18°08 08Y°0Z 002" TT 00Z°¢ 008°8 (0'0] A4 *vaid 2 009°G z THINK; -
288 74 oz s 000°8T 009°1 009°0T ooY°L £z 000°6 z OHINDW|
_ NEW O ATIVA AMTIVA NOLIVIATD R
A SONVINVA s ¥R AIS WINDXWH WINININ QNS 30c 7 N THEVDIVA|
18 £°8 9°6 0°s rAlA L6 8°¢ - 9°g €8 9°01 009 8
€1 8°s z°8 ¥°01 6°t L'8 £°'G v'8 v €€t voL 009 L
8°¢ v L v et G°0t S°G v'8 . . 0°S T°0t 9°01 o0v 9
6°S G'g Tzt €°6 £°01 ) . 6°9 Lt 6°€T ¥°L o L0v S
sz v°9 9°9 o°L LL b6 . £°¢ 1L 9°01 o5 v .
8°1 5°9 0°0T £°9 €9 £°8 18 L9 9°01 VL T ¢
£°9 L°wT 6°T( 2Tt St 6°€ . . vz 9°01 00 Zz
L'E 9L Z°9t £°0T -9°g S°0T L€t 8'8 L -0 1
OFHINOWN VZHINW @ STHINW @ ZTHINW @ GUNW @ OHINW  HINW HINW @ GINW @ THNW HNH &L SO
(@0psT §) NOLIDDSTT ¥dVA 41T -
VIR ALTIIHUWIS €55-3X QRIVOMBENY




A83R48BR

c.v
14
39
31
%
57
21
78
61
14
73
86

)
oooooooooooooooooooooo

VARIANCE
120
20
645
420
520
72
845
605
205
120
500
125
125
500
445
580
980
125
120

§88 838ERZ | 38R BRBRRRS

oooooooooooooooooooooo

COANO™M

CF MEAN
1
1
1
1
2
0
o
0
1
1
2
0

g28838888¢888
Sird ‘dddned | grndedorgaaa

% DESCREED
TEMR=40C
— TEMP=60C

§R888R88888¢8

ooooooooooo -8 & 8 & & & e e ° o @

bsmo ommghn RO LO®MOMUN DU

DFP VARCR [DESCRPTICN

VAILE
400
100
200
‘ 500
300
100
400
800

AMEERGARD XE-555 STABILITY DATA

..... AE3aKY | ¢ ghasgas

Nt HONMO -

TEVIATION
2.263
2.687
1.909
1
3
0
0
0o
1

. STANDARD MINIMM MAXIMM STD ERRR
- VAILE

600

90)

700

900

400

300

50C

400

Qﬁ\D‘O l\l\d\ﬂh*f mgvmea‘tnhcorsv‘

: §883 883883 | 83883873388

NN NCNNNNN

|| oottt | e

N
2
2
2
1
0
2
2
2
2
2
2

M2

MNTHI3
MONTHR24
MNIID6 -

s " " . . -




. A-12

139.900

5 g8 ..8 JR3IZEN
0 2 G\Hm'ﬁ"(_\ig‘;n
nNQROMAAaTHON QAT '
g SARAFRESRRRARSAZRS
T . 2 5 383943
% MoReHMooRNTAN AN AR A s B
CINDANNANNNTNINDODNMNO @© HQ
OO NTTONAALOOOOOTOITTOOO™M
NOANOVONMOYMMOONIN O ® 88 § 88@88
e« @& & & s+ B B " 8 6 5 0 3 s
% R3PS R8JA3ARIS]IRY § ‘?2.2.“?;._;32
8% 5 389887
BAsvannaRTdVvaco |
D ANNOYOLONONLAOO A )
| E >, .8 BbRalsyq
<) ¢ AoSdNY
g Lo~ NVYNnNUYEaTNONO @8 '
g Ao dANM AoV YA~
NMO OO O™
: 28 § 928988
naNouRMHNaRANYeNy g e SRR Sl e B
NN DDV DOOR MO IS e I3 & K288 84
o~ MO ANNOTANNOTNMMTANNMMOOMO
i
n-=O
S *® & 6 2 & & * @+ & o & & & s v 0
uet f SEER TR R B LLLEL
3! g a8 8 RJRA]S
©COnNRNEQQNAHA QA
comomménmc&-avwmcvxog
NN AOANONOOOOONOOOM™M
: ' Ty ) v
3. .3 38ELES
N L B D LD AR
' RAIJAJILINII
- © 0 : " oW WY
g g;.o--;;oo-g-vhnf?;odo § "8'2§. .§. ’[S'%%Gi‘;.‘c\:
, ‘ a8 Q8 8388833
W"m.‘a“f“’.“?“f“f.“l“!"!
= ) —~ < agQ 4 -
© M (2] [a B2 M se] (2] 2} (1] ™
' 4 M QPO PP L
S IPPTY FRFEEEEEEEE o
g awnvm\onwmggag LR g gggéggg

MNTHIS
MDA
MI/I}36




A=13

9L el 0L8° €T 002°80T - 008°1¢ veLe . 0s0°LZ L4
68711 (91791 002 SET 010°2 005 6L 001°0¢ JE<i 28 4 008°€c R A YN
€679 Qv v oov° Lt 6v0°1 000°VvE 000°0¢ 860°C 0s8°1€ - L4 STHINH
20°8 .€96°9 0oL LeT 182°1 0ov-ve 00L°82 e95°2T 6T6°1E - L4 CTHINH
8z°8 6vZ '3 00L"8ET 9ty 1 00b -9t 00v°0¢t [(4A: 14 4 S9°ve | 2 T GHINH
€676 6v8°8 0CT 61T L8%°1 00g-ce 008°92 GL6°T SLL°62 L4 SHINGH

- ] - L ; 'l . . _ L) ° g .
SLTLY £v0°8¢ 00€ 6Tt 8¥9°2 000°v€ 4 0] Agad 962°S §28°62 L4 CHINOA
£Eve 965°9 0G6° 80T 82 1 £0€°6C 006°€C 895°2 T2 X4 v THINH

: * 005°0€ : 00G°0€ 00S°0¢€ * 005°0¢€ . THINDH
90°v ©ooiett 00€°66 LL o (0,074 43 009° 1€ sret oot-ee € HINCH

V=1L,

Lo°e6t <88’ Le 0t 62T Lot 006 L€ 008°92 set°9 GLeee L4 9EHINGH
62 €t - LE€E°Ge 00V " T1ST Lis*2 oot ey 000°C¢ ¥e0°s 0G8*LE 14 YTHINGN
85°CT 6¢9°81 _ooorLezt est e 000°8€ 0G< 8¢ 1 4 SLL TE L4 STHINGH
et g €68L°¢€ C0S°9¢cT 026°0 00G°9¢ (LUARAN ws 't 1514 B 24 L4 CHINR
86°6 L69° 1% 000° LET oLy 00Z°6L 005°1¢ ocv e LT £ X L4 GHINDH
1r-ot L6L°6 003°£CT 996°1 005°GE 00L"82 0LT’ € 0s6°0€. V. GHINCH

. . . . . - . .. 0 YHINR
(A AT Zvo 67 005 2eT (A4 AKS 00L°6€ 009°8¢ L4428 T4 Rl A v CHING?
L ot €3t T 006°6TT 019°% 0oL vt 0oL Le ozete SL6°62 v - THINH

: : 008° 1€ : 008°1€ 008°1€ " 0081t 1 THINH
20V 018°1 00€°65 L0 002" vt 009°1¢ 1514 %0 001" ¢€ € CHINDH
A*D LONVIINA

HES

0,01 98 x4




A-14

034 4

1L°9 009°2Z1 820°1 00s°€e 009°82 £s0°¢ 059°0¢ . A
£vs 08Z°¢ 00z eCT 906°0 006° Pt 0oL 0t me'1: oot te L4 STHINH
96°8 LES"9 0ov°ell 8L2°T 00s° €€ 009°L2 LS5 058°62 14 STHINCH
15°0 9t0°0 00G- €t G60°0 000° 1€ 009°0¢C 681°0 5(8°0¢ 4 CTHINH
osv erote 006°92T GIL 0 00S°te 000°0¢t v 1 SeL TE - B 4 - GHINH
£L°8 €528 009°1£T IS A 00Z°LE 00Z"1¢ £€.8°2 006°2¢€ - v SHINCH
FASHS e 006°L2T 2eL o 00T €e 006°Ge vt sLe'1e . v PHINH
vL 6 /A AR Y 00T°6€T - v69°1 001°8¢C 00T°0L 88C° € SLLYE L4 CHINH-
90°9 m9°2 009° L2t 0870 000° ¥t - 00¥ 0C S19°T 006°1¢ L4 CHINCH

* ° 003-0¢ : 008°0t 008°0¢ t 008°0¢ T - THINGR
90"V 018°1 00€°66 Lo - 00z Ve 009 1L Shect oot ce € CHINDR

5=,
NN 20 CI$04:/4 ATIVA NOLINTAR ’

AD FONVIINA WIS MR AIS HHEWH WRINI - (NONMIS NN - N JEVRNA

YK SOW0IS NOLIRIDS QIDTT NNIISNE
VI ALTTIHYIS SSG-AX QIR




A-15

S

.
~
<
(=]
@
-

0 008°1 00€°0 00Z°T 009°0 24 M) 006°0 z -
18°0T 00G°0 C00° €T 005°0 000°L 000°9 Lo 005°9 z STHINH
01°01 005°0 000" ¥T 006°0 005°L 005°9 L0L°0 000°L A TIHINGY
vhoL 00G5°0 - 000° 61 0050 000°0T 000°6 L0L°0 005°6 -2 GHIN
00°0 000°0 000°ST 000°0 00S°L 00S°L 000°0 00S°L z SHINI
- L ] . > - - . [ ] . - ° - Eg
L6°0T 005°0 000° €1 005°0 000°L 000°9 10L°0 00G°9 4 CHINW -
00°0 ono°9 000°82 000°0 000°¥T 000° %1 000°0 000°+T z UK
82"V 0860 00Z°9v 00L°0 008°€2 ooV T2 066°0. - 00T°€2 z THINH
82°¢ 00c 0 000° €Y 005°0 000°22 000°12 Lo 005°T2 z CHINH
06¢=BHL -
0z 02 .08T°0 00Z°v 00£°0 oov e 008°1T 74 4] 001°2 z “PZTHINR
00°0 000°0 000°9T 000°0 000°8 000°8 -000°0 000°8 FA CBTHIN
£9°'8 005°0 000°91 005°0 005°8 005°L. Lo 000°8 z TN
£B°0% 000°2 000°92 000°T 000 1T 000°2T 1 2028 1 000°€T k4 allN| -
18°y cZ1°0 005° b1 0sZ2°0 00S°L 000°L ¥s€°0 06z L z SHINOH .
« - - . . . - - O g
oL 00S°0 - 000°6T 00S°0 000°0T 000°6 . LoL°0 005°6 4 CHINCH
. . . . . 0 THINH
00°0t v8°9 00£°25 058°1 000°82 00€°¥e 919°C 0sT°92 z THINCH
82°¢ 005°0 000° €Y 005°0 000°22 000°12 oL*0 00s 12 4 CHINH -
— J0=JWY,
N 20 HTIVA AT, NOLINIATD 4 A
AD - IONTTRIVA WS WA QIS WWIXWM HIHINIH QIANILS - N N TEVRNA
rAS 21 0°8t 0°'LT 8t G'8 9 9 ot 8°61 12 009 8
1A 23 0°LT 0°LT L G g S L 6 6°ze A 209 L
8°1 59 0°9 L 0°¢L - 9 8 0T 12 oob 9
8°T 0°9 0°9 L st d S L 28t ¥ 4 oov S
9°0 0L S'L . ot - G°L 9 121 v-ez 12 ose 4
2T 0°9 G'9. 6 G°L L 141 82 [« bo 74 £
8°T 08 G°s a G°L 6 . 0°82 12 20 z
vz 0'8 G°L 121 0L .0t B 4 e 20 1
VZHINOd  STHINW  ZIHINW  GHINW  SHINOW  VHINDK (HINWW HINW @ THINW @ OHINH @&l S0
EONNLLINSNVAT, &

ggmgog




c.v

SID ERRCR SM
VAIUE OF MEAN

KINETIC TOOINE STORAGE DATA
$ TRANSMITTANCE
' STANDARD MINIMM MAXIMM
VAILE

DEVIATION
1

. MEEN -

N

TEMP=40C

B S D=
888 £888
= Neolelel el oo Ne e

-----------

:
oooooooooo

QN0 o~ OO~
oo

S3RF BRg288

oc oG

oooooooooo

wwwww

oooooooooo

oooooooooo

v
oooooooooo

oooooooooo

ooooooooooo

oooooooooo

..........

ooooooooo

NNNNNNNNNNN




A-17

9G°0 00v°0 ST AN | AL 629°0 v29°0 Y00°0 929°0 4

LIRA AR 000°0 1L2°1 SCo‘0 190 0€9°0 800°0 $€9°0 A PTHINGY
veeo 00370 €eet 100°0 819°0 ci9 0 200°0 919°0 4 STHINGY.
6£°¢ 00070 00¢°T T10°9 199°0 6£9°0 910°0 0990 4 CHIN

(4] 00C°0 et T00°0 0¥9°0 8t9°0 T100°0 6£9°0 .C GHIN -

69°0 000°0 ote 1 €00°0 81970 29°0 ¥00°0 S19°0 < GHINDH

. . . ] . . - o - :EE

oLt 000°0 et 80070 1€9°0 919°0 . 1100 €29.°0 4 - CGENH .

1€°0 ~ 000D [R2 00 § 10070 899°0 S99°0 200°0 999°0 4 THINGH

<8'0 000°0 et o 0 069°0 <89°0 900°C 999°0 (4 THINGH
vro - 000°0 ezt 200°0 ¥9°0 0v9°0 . €00°0 reto 4 OHINCH
6T=IW4L

1270 000°0 262°1 100°0 Lv9°o T 4¥9°0 100°0. 9Y9°0 z SHINH

¥9°0 .C00°0 9ze°T £00°0 999°0 - 099°0 . bo0°0 €99°0 4 YZHINR

€/.°0 0C0°0 1se°1 ¥00°0 629°0 90 S00°0 §29°0 4 FHIRM
¥s o 000°0 10€e°1T 200°0 £69°0 8¥9°0 ¥00°0 059°0 4 THHINGH
w0 0Co°0 08C°1 200°0 o 8€9°0 t00°G - 01970 4 GHINIH
9t't 000°0 gic’t S00°0 ¥19°0 ¥09°0 " 100°0 609°C 4 GHINGH -

- - - - - - L) L3 : Q asg
vv o 000°0 08Z2°1 200°0 cretn 8€9°0 €00 0 019°0 4 EHING

~ [ - L - L] . L d o %‘
8L°T 000°0 Tse°T €00°0 $89°0 £99°0 - Z10°0 G970 Z THINA

vv o 000°0 81 ¢00°0 ¥9°0 ot9°0 £€00°0 - 219°0 4 CHINCH

0= L
. W JO0 ATIVA A NDLIVIAT]

N°D ONVIRIVA 1293 R dis HINDNA WIRENIN QRNENILS - NVIR N TEYRNA
ws*o 919°0 ¢SS0 88S°0 L65°0 255°0 €95°0 165°0 $19°0 S¥9°0 $t9°0 09 8.
GES°0 26G°0 86570 S8G 70 009°0 29570 €96°0 809°0 099°0 (990 0v9°0 09 L
68G°0 V1970 €850 96G°0 €65°0 ves-o * S19°0 290 619°0 ¥¥9°0 20 9
885°0 629°0 985 °0 <020 609°0 £85°0 0€9°0 929°0 859°0 0v9°0 o4 4 S
¥29°0 0£9°0 G19°0 6£9°0 -8€9°0 <130 1£9°0 599°0 069°0 v¥3°0 KT v
679°0 ™o°0 819°0 199°0 0v9°0- 819°0 919°0 899°0 789°0 0%2°0 6T €
s¥o°0 95°0 629°0 8¥2°0 8£9°0 ¥09°0 8£9°0 . - ¥89°0 t¥9°0 20 T
L¥Y9°0 029°0 20370 £99°C <0 vi9°0 90 £99°0 -  0W°0 0 T

OtHINIA YHINH STHINW CHHINK  GINH SHINDN YHINOR CHINGH badtid e l] &R, S0

(ST SY ‘WO/Ed) YING TRRRIS ALDISWw

9EHINDH

VI ALTTIHYIS SGS-3X RRMEWY

C DGNOR GHINOW,




A-18

3 $ERR 988223) yR78884%9g8 -
O QO =~ QO ~C OQH NS QOOONN

ﬂ 8888 8283881 828838833388

é Q00O ©Ccovooo CoococooaQoooQ

oooooooooooooooooooooo

£TD ERCR
OF MEAN

002
004
008
007
0oL
co8
004
002
007
001
o0
006
008
008
000
000
001
o2
0oCc3
01z .
003

MAYIMH
VAILE
544
658
542
630
584
609
605
586
629
569
644
57
630
608
563
0.552
0.600
0.58¢
0.558
616
541

TEMR=40C
TEMR=60C

3393 358833, 333583R8988

ooooooooooooooooooooooo

AMEERGARD XE-£55 STRHILITY DATA
BASICITY STORAGE DAIN {MEX/G4, AS IS)

VAILE
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
(0]
0
0
0

oooooooooooooooooooooo

STANDARD MINIMM
DEVIATION
c3
006
o
(3]
00
011
006 L3
: oal -
- 0.011
001
[Lic]
008
11
12
000
000
[0.47]
0Q2
004
017
004




A~ 19

£2°0 €00°0 €87°1 20070 €vL°0 A 200°0 Lo T
1482°C €00°0 9p°1 L10°0 05L°0 9tL°0 1¢0°0 €€L°0 z VOHINH
82°0 000°0 697" T 100°C 9€L°0 €EL°0 200°0 ¥ELO 4 BTHINH
951 000°0 st 600°0 6LL°0 Z9L°0 z10°0 oo z THINH
€eT 000°0 65°T £00°0 Z5L°0 6€L°0 600°0 - SPL°0 - z GHINTH
12°0 000°0 eee"t 100°0 0L9°0 899°0 100°0 6990 z SHINGH
. - . - . . - L4 o ES .
0v0 000°0 o1 200°0 L0L°0 €0L°0 £00°0 SOL°0 . 4 CHINH
Lro 000°0 019°T 100°0 908°0 ¥08°0 100°0 S08°0 4 THIN
96°0 0000 9T 500°0 SEL'O 82L°0 £00°0 €eLo z THINH
8i°0 000°0 025°1 100°0 19L°0 65L°0 100°0 09L°0 z CHINDH
—— DS5T-3HL .
55°0 0000 0es°T £€00°0 89L°0 5L°0 100°0 S9L°0 z 9EHINH
26T .000°0 sy T £€10°0 2rL o 91L°0 810°0 62L°0 z YHINH
s0°et £00°0 ZAa 120°0 Lo 009°0 980°0 199°0 z STHINH
VT 0000 $L5°T 800°0 S6L°0 08L°0 Ti0°0 L8L°0 z TOHINGH
£5°T 0000 Uyt - 200°0 YbL°0 82L"0 e o 9eL*0 z GHIKH
Leee 000°0 €0e° 1 010°0 299°0 9°0 $10°0 199°0 z SHINH
. . . . . . . . 0 HINGR
L1s°c 100°0 4 40 S 8100 €L°0 968°0 620°0 £1L°0 z CHINGH
. . . . . . . S 0 TN
Lo 000°0 T oo SEL°0 L2L°0 900°0 TEL°O z THINH
810 00n°0 0zs°1 100°0 19L°0 65L°0 100°0 09L°0 z CHINH
OC=3d1, —
. NI 20 MNA AT NOLIVIAN
AD . TANDIA "WB URHE WS HWHDW  WWINH GINYIS N N TEVDIN
et Lt WO'T - 550 Jpe0 T TLO M0 @80 2060 880 eseo 209 @
4188 0T°T 00°T 286°0 JeY L0 820 10 2060 ©g8'0  Torog 209 ¢
62:°0 9€L"C £1L°0 69£°0 L0 98370 : YeL'O . t9L'0 e22'0  esz0. oop - o
£eL 0 6vL°0 PIL"0 25L°0 €1L°0 - €9°0 . LG " SSL'0O 6pL'0 TS0 Sop ¢
£9L°0 05£°0 €eL°0 6LL°0 WLO 0150 : LOL’0 v0B'0 220 60 ogz - g
ovL0 9TL’0 9eL 0 9L°0 6EL°C  899°0 . €0L°0  908°0°  8EL°0 - ToL'0  ogz ¢
729270 4 JAV eeL o 55L°0 82L°0 1190 . 569°0 . LZL°0  65.°0 0z
89L°0 91L'0 0090 080 W0 29970 . LA T S0 TeLto 0 T
SHONH  1ZHINH  9HIDW  ¢DONH  @ONH  swingq WINGL  CING ZONW  BOMN GONH o s




A~-20

100
<00

21°0 000°0 - 9ee'z 100°0 It 41844 0 - (5184 z 9EHINGH
17°0 000°0 Leee #%°0 et otret ‘0 oy 2 PZHINH
€Lt 000°0 Vit Z £€10°0 0L0°T 10T 8100 (901 z STHINM
€0 ,000"0 8961 £00°0 286°0 9L6°0 ¥00°0 6L6°0 z THINH
£v°0 000°0 996°T £00°0 986°0 085°0 $00°0 £86°0 z SHINOE
26°T 060°0 €v6 1 110°0 28L°0 900 510°0 Le z FHINTI
82°0 000°G 6Ly°T 200°0 Lo 8EL°0 200°0 - 65.°0 z VHINCH
(9°0 000°0 b1 _%00°0 we'o £€8°0 900°0 £€8°0 z . CHINH
00°0 000°0 108°T 000°0 206°0 2060 000°0 206°0 z THINH
81 000°0 £6L°T Zr0°0 8.8°0 558°0 910" 998°0 z THINH
8T°0 000°0 025" T T00°0 T9L°0 65L°C - T00°0 09L°0 z GHINGH.
00931 .

8€°0 000°0 91 200°0 €eL°0 62L°0 £00°0 1€L°0 4 STHINH
€°t 000°0 o131 A 900 6bL0 9tL 0 600°0 cvLto Z PN
68°0 000°0 it S00°0 - £1L°0 Y0L°0 900°0 80L°0 z STHINK
£s°T 000°0 Tes T 600°0 69L°0 25L°0 Z10°0 09L°0 z THINH
6Z°0 000°0 mwe 't 200°0 eeLeo 61L°0 200°0 “0ZL°0 4 Qmnm -
$E°1 000°0 65€°T (00°0 989°0 €90 600°0 5(9°0 2 | SHINK

. . . . b . . =0 o TN
e 000°0 o't - TT0°0 9bL°0 ¥eL o 910°0 SeL°0 z QINK
£8°0 000°0 6151 50°0 Y9L°0 S5L°0 900°0 65L°0 z THINH
10°2 000°0 Lyt 0100 6bL°0 82L°0 S10°0 8EL"0 z TN
8r°0 000°0 0251 100°0 9L°0 65L°0 100°0 - 09L°0 4 CHINH -

— D0b=ataL,
N 0 ATIVA ATIVA NOLIVEAX) o

AD 293 WNH AIS  WHDWH WHDUN - GINIWNIS - N STEVDIA

]

(ST 5¥ tbABY WM FMIS ALIILN .
Vi ALTTENIS GGG-TX GIOHEINY

- NYIH




APPENDIY 2

KYDEX SHEET SURFACE AREA T-TEST RESULTS




. B-~1
————————————————————————————————————— T-Tesis~vw—momee s e e e -
Date/Time 16-23-1991 07:51:23 '
Data Base Name C:\solol\Kvdex ,
Description Cata base creatsd at 07:44:32 on 10-23-1991
Two Sample T-Test Results
v CCCczo ' RDLZC »

Count - Mean - 8 35.1675 g : 85.7¢9112
95% C.L. of Mean ©94.11392 96.22109 94.81882 96.75541
Std.Dev - Std.Error 1.2641€3 ‘ .146949 1.265716 .4219052

————— Equal Variances ----- ----= Unequal Variances -----
T Value - Prob. -1.0i4538 0.3264 -1.014616 0.3245
Degrees of Freedom 15 , ‘ 16.77128
Dif{. - Std. Error =-.6238115 .61346752 ~-.6236115 .6146278

5% C.L. of Di7f. -1.933306 .6860831 -1.921304 .674081 4

F-ratio testing grecup variances 1.002458 - Prob. Level 0.3503533

192.97 95% Conf. Limit Plots , 96.88
CC20 ' (wmrm— e —————— a-==———————=—==) '
RDL20O ’ ' - o ————— a-=-mmmm—————— >

192.97 Line Plots 96.88"
cera2n T N ) N ) B S | R 1

RDL2C D T | S U R S S P o




B-2
————————————————————————————————————— T-Tegtg=mmom e e e e
Date/Time 10-23-1291 07:35:08 :
Data Basce Name C:\solo\Kvdex ,
Description ' Data bhase created ar 07:34:32 on 16-23-199!
Two Sampie T-Test Resulls
_ RDI.40 RDLZ20O

Count - Mean (¢ 96.13332 9 . 83.79112
85% C.L. of Mean' 35.70726 96.353394 94.81882 P8.TR331
Std.Dev - StJd.Frror .4G62726 18614358 . 1.265718 .4218052

————— Equal “iriances -=-=--- ~--=-- Uneaual Varianres -----
T Value - Prab. .6337913 0.3372 .7547106 0.48823
‘Degrees of Freedom C13 . 10,3982y
Diff. - Std. FError .3422185 .339uE) .3422145 . .4531407
35% C.L. of Diff. ~.823884 1.3508097 -.B853987R 1.240401
F-ratio test:ing grour variances 3.RT2ETL _ Prob. Level 0.0115

©32.97 , 5% Zonf.Limit Plots a5 .87,
RDL40O ! ((mm——— === > :
RDL 20 ' ; R et Am~—mm—m p

HEC AN I Line Plots aB .37,
RDL40 e e e e e oo 21 .1, . 1. .
RDL20 O DRI S SO O S S SPR S




. B-3
___________ ...__-;—I-.—v-.—-....i--—————-‘-——--T—Tes t s——--’-——‘-———._-—--.-——-—-——--—--..._.....--....
Date/Tiine - 10-23-1991 08:10:37
Cata Bas= Name C:\solo\Kydex , ‘
Description  Data base created at 07:44:32 on 10-23-1991
Two Sample T-Test Resultis
, YEAR! YEAR3
Count - Mean - 8 87.05 17 85.487865
95% C.L. of Mean 93.25613 97.84387 94.84875 . 96.148585
Std.Dev = Std.Error .7582876 +. 30858698 1.266148 .3070881
. ~---=- Equal Variances -~=== ====- Unequal! Varianrnes -----
T value - Prob. - 2.804934 0.0106 3.560078 0.0022
Degrees of Freedom , 21 18.01682
Dirtf. - Std. Error 1.552353 .5534365 1.552353 . 4360449
95% C.L. of DirIT. 4015877 2.703138 .8363629 2.468213
F-ratio testing group variances 2.788055 Prob. Leve! C.1308
_ 192.97 95% Conf. Limit Plots 97.84387.
YEARY ‘ : ‘ ' ' , Cmmmmmoees 3= L
YEARS3 ’ ; : ' e b a-————- > ;
192,237 Line Plots 97.84387!
YEARI ‘ D e e e e S 1.2....11..1

YEAR3 HS S R A B R S SO | S R 2.1t 020000 '
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