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ABSTRACT

Etiologic agent shipping c¢-ntainers with fluid volumes between 450 and
i 330 ml were orepared from readily available materials and dropped from
500 and 1,000 feet onto hard desert soll, concrete, and macadam, The
purpose was to determine whether (i) the containers would be 'ikely to
withstand a severe impact during shipment, and (ii) such a container could
be assembled from a general packaging instr ion in the absence of explicit
specification of container materials. All containers were prepared in
accordance with the Interstate Quarantine Provisions of the U.S. Public
Health Service in the Code of Federal Regulations, 42CFR72.25.

Materials evaluated were plastic, glass, and metal inner containers;
cotton and vermiculite absorbont cushioning materials; and metal and card-
board outer coutainers.

The drop tests established that adherence to the packaging requirements
of 42CFR72.25 will not assure a package that will not leak when dropped on
a smooth surface at the velocities reached in these tests, However,
packages prepared in accordance with 42CFR72.25 will not leak under 'condi-
tions ordinariiy incident to transportation handling'" as stated in 42CFR72.25.

For volumes of infectious fluid exceeding 500 mi, it is recommended
that 42CFR72.25 be revised to include a performance standard, preferab’w
"no leakaxe from the individual shipping container after an impact at 145
to 165 feet per second."
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I. INTRODUCTION

The packaging requirements of the Department of Transportatic~ for
shipment of chemicals include no rough handling or drop tests exceeding
a b-fout drop (o determine whether the container might leak as a result
of the shocks, pressure changes, or other conditions common to transporta-
tion handling. However, therc are other drop requirements for other
materials. Except for delivery by military aiccraft, drop tests for
other containers do not exceed 40 feet. A brief summary of these require-
ments is shown in Appendix A.

The packaging of etiologic agents is governed by the Interstate
Quarantine provisions of the U.S. Public Health Service in the Code of
Federal Regulations, 42CFR72.25. Briefly, these require that '"the agent
is packaged in a minimum of two sealed containers, and each such double
container is enclcsed in a third container." Between the inner two con-
tainers there must be sufficient absorbent material to absorb the entire
contents in case of breakage; the maximum amount of etiologic agent per-
missiLlc ‘= *hfe rrinle container is one U.S. _~11~an (3,735 mi). No
rough handling tests or drop tests of the container are required. How-
ever, bcth the Army and federail regulatory authorities have been concerned
about the public safety if such a container received an accidental crush-
ing impact during transportation. As a result, prototype shipping con-
tainers have been tested in various drop and crash tescts before being
approved by the Army for use. Appendix B is a tabular summary of the
results of rthese tests since 1953.

It is possible that 42CFR72.2> will be revised to require containers
that do not leak after an i{mpact test at a stated minimum impact speed,
probably 145 to 165 feet per second. Drop tests, coordinated with timed
film records, were done at Edgewood Arsenal, Maryland, on 13 October 1967
to determine impact spe.ds of representative containers and their
resistance to leakage. A preliminary summary of these results is shown
in Appendix C.




II. TESTS OF IMPROVISED CONTAINERS

A. BACKGROUND

On 20 July 1967 at Dugway Proving Gr- ~d, Utah, the Safety Director
initiated a drop test program for shipping containers with a capacity of
less than one gallon of chemical agents. The results of these tests will
be published separately as a Dugway Proving Ground report, and a summary
of the data are included as Appendix D of this report. These tests pro-
vided an opportunity tc test the feasibility of meeting a hypothetical
eme.gency shipping problem by improvising containers from readily available
materials that still fulfilled all the requirements of the current 42CFR72,25.
These improvised containers were dropped from an altitulde of 500 or 1,0C0
feet above ground level onto dry baked desert soil, macadam, or concrete
at Dugway Proving Ground.

B. FABRICATION

Six combinations of test containers were prepired as shown {n Table 1.
These were placed in crimp-scaled cans as secondary containers, then in
either larger crimp-sealed cans or in fiberboard cartons.* The tops of
the glass and plastic bottles and the 1iberboard <artons were wrapped with
cloth-backed adhesive tane.

* Fi{berboard cont {ner specification: Llé inches outside diameter, l4a
{nches high, side wall test 600 1b/in®, net weight lirtt i3 pounds.
Constructicn and binding of the container shall be such thar container
shall rewain intact and be leak-free after the following test: Tlace
one S5-pound lead wei{ght i{n bottom of container, fill contairver 3 & full
with white pine shavings, add 3 quarts of water, place anotuer 5-pound
lead waf{ght on top of shavings and steam sterilize for 2 hours at 230 F
at 15 psig pressuce.

A ———
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ITY. RESULTS

A. RESULTS OF THE 300-FOOT DROP

The MA-3 container landed on {ts bottom on the sunbaked hardpacked
desert avil. The pint glass bottle was intact except that its screw cap
broke. Approximately 100 ml of the 911 Red dye was akeorbed by the cotton
within the No. 3 can. The remainder of the dye was in the glass bottle.
There was no leakage from the No, 3 can.

The MB-5 container landed un f{ts bottom edge on the soll. The glass
500-ml bottle shattered, the No. 12 can ruptured, the bottom of the fiber-
board conteiner was torn off; and dye spilled onto the ground.

The MC-5 container landed on its side on the soil., The side of t'e
pint plastic bottle ruptured near the top shoulder and its plastic cap
broke. Dye was sbsorbed by the cotton in the No. 3 can, which bulged at
the top but did not leak. The top of the MNo. 12 can buiged, but there was
no leakage,

The MD-5 container landed on its bottom corner on ..e soil. The pint
plastic bottle was intact, with no leaskage. The No, 12 can was {intact with
a small dent on the bottom covner. The bottom of the fiberboard conteiner
ruptured.

The ME-5 container landed on its bottom on concrete. The seam on the
bottom of the No. 3 can ruptured,and the bottom of the No. 12 can ruptured,
The bottom of the fiberboard rontiiner was torn off and dye was spilled on
the concrete.

The MF-5 container landed on its zide on concrete The No, 3 can
ruptured at the seams on the side, top and bottom; dye spread throughout
the vermiculite. The No. 12 can bottom sear -uptured, and dye spread
throughout the vermiculite. The top and bottom of the fiberboavd container
ruptured and dye was spread on the concrete.

B. RESULTS OF THE 1,000-FOOT DROP

The MA container landed on its bottom edge on the macadam road. The
glass bottle shattered. The No. 3 can ruptured at {ts bottom sesm. A
A ]

/& rupture occurred in the bottom seam of the No. 12 can and a trace »f
dye appeared at the rupture (Fig. 1).

The MB container landed on its side on the scil. The glass bottle
shatteved, the No. 12 can bottom seam ruptured, the top and bottom were
torn off the fiberboard c mtainer, and a trace of dye nppeared on ita
outside (Fig. 2).




FIGURE 1. MA Container; All Ves.cls Ruptured
with Sxternal Leakage.

FIGURE 2. MB Container; All Vessels Ruptured
with External Leakage.
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The side of the MC container struck the top of a metal fence rail and
then landed on the soil. The plastic bettlie ruptured at three locations
cn its sides. The hottom seam of the No. 3 can ruptured. A small rupture
occurred in the No. 12 can, Dye was absorbed by the cotton around the
plastic bottle and No. 3 can., "ut a trace of dye appeared on the outside
of the No. i2 can at its point of impact (Fig. 3).

The MD container landed on its bottom edge on the soil. The plastic
bottle ruptured along its side. The No. 12 can was dented on its bottom
edge; otherwise it was intact with no leakage. The bottom cf the fiber-
board container was town off. The No. 12 can was 15 feet away from the
fiberboard container. The vermiculite i{nside the No. 12 can absorbed
all of the dye (Fig. 4).

The ME container impected on the bottom edge on macadam. The top and
bottom seams of the No. 3 can ruptured, and the No. 12 can bottom seam
ruptured. The fiberboard container bottom was torn cff. Dye was spread
throughout the cotton surrounding No. 3 and 12 cans and on the macadam
surface (Fig. 5).

The MF container impacted on its bottom edge on macadam. The No, 3
can bottom and side seams ruptured. The No. 12 can was dented on the
bottom, but no seams ruptured. The bottom of the fiberboard container
was ruptured, but without external dye leakcge. All of the dye was
absorbed by the vermiculite surrounding the No. 3 can (Fig. 6).

The results of the 500- and 1,000-foot drop tests are summarized in
Table 1.

IV. DISCUSSION

Drops at the 500- and 1,000-foot levels were selected because a per-
formance test standard such &8 a drop or impact test has not been established
for etiologic agent shipping containers. However, drop tesis conducted in
May 1961 {Appendix B) had been used as the basis for standard specificatiomns
incorporated in US Army Materiel Command Regulation 385-101.

These present tests were conducted to demonstrate the need for exact
specifications for the containers and for amounts of cushioning absorbent
materials to be used 1f the container is expected to survive rough treat-
ment approaching that encountered in a motor wvehicle or aircraft crash.
Our method was that of obtaining materials readily available in the
laboratory and using these to make up containers. For example: 1In the
500-foot drop t>:st, the pint and 500-ml glass bottles were one brown and
one clear chemical reagent bottle. The plastic bottles were thin-walled
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FIGURE *. MC Contairer; Vessels Ruptured with
External Leakage.

FIGURE 4. MD Container; the plastic Bottle Ruptured
without External Leakage. The vermigculite in No. 12
tin can absorbed the dy>.




R AR € e e - o < -

12

FIGURE 5. ME Container; All Vessels Ruptured with
External Leakage.

FIGURE 6. MF Container; the No. 3 Can Ruptuied with
no External Leakage, Vermiculite in the No. 12 tir
can absorbed the dye.
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polyethylere. In ths 1,000-fcot drop test the 500- and 1,000-ml glass
bottles were chemical reagent bottles. The plastic bottles were thin-
wallews plastic {type unknown); one had contained sodium hydrexide, tne
other, hydrochioric «cid. All of the No. 3 and No. 12 cans used were
crimp-sealed metal cans. The lids were sealed on the metal cans with Dixie
canning machi 2s. The fibterboard cartons were readily available.
Vermiculire was that used to insulate buildings.

During the 500-foont drop tests, the only primary receptacle to remain
intact was a plastic bottle placed in a No. 12 can packed in a fiber-
board carton. Vermiculite had been placed as a cushioning absorbent
material between the receptacles (1 and 2; 2 and 3). The two other con-
tainers that had no external leakage after the 500-foot drop were the glass
bottie and the plastic bottle, each of which was in a No. 3 can inside a
No. 12 can with abscrbent cotton as the cushioning material.

After the 1,000-foot drop test, no primary receptacle remained intact.
Only two containers survived the 1,000-foot drop test without external
leakage. One was the plastic bott® in a No. 12 can in a fiberboard
carton, and the other was a No. 3 can in a No. 12 can in a fiberboard
carton. Vermiculite was used as the absorbent cushioning materiali 'n
both of these containers,

The results ¢learly indicate the unlikelihood of packages surviving
drops from the test-drop heights unless exact material specifications are
established. The data obtained in May 1961 at drop heights of 2,000 and
4,000 feet above ground level clearly indicate that containers for 250
and 500 ml can be packaged to withstand the impact of such drops. Con-
tainers similar to those tested in May 1961 later withstood the cras> of
a €-119 aircraft at 138 miles per hour (203 ft/sec) (Appendix B).

The results summarized in Appendixes B and C indicate that adherence
to the present requirements in 42CFR72.25 is very unlikely to produce a
l-gallon container that will not leak after a severe impact. It {s
recommended that a performance specification be required for volumes
exceeding 500 ml in individual shipping containers. The advised minimum
is a 40-foot drop to concrete. However, Appendixes B and C show that a
cerformance specification of no leakage after an impact at 145 to 165
feet per second {s nct an unreasonable requirement when the volune of
infectious fluid in the {individual shipping container exceeds 500 ol.
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V. CONCLUSTIONS

The triple packaging provisions of 42CFR72,25(b){(1)(2) provide absence
of leakage under '"conditions ordinarily incident to transportation handling'
put will not necessarily provide a package that will withstand a major
accidental impact, as during crash of an aircraft.

For volumes of infectious fluid exceeding 500 ml, it is recommended
that 42CFR72.25 be revised to include a performance standa-d, such as
"no leakage from the individual shipping container after an impact at
145 to 165 feet per second."
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APPENDIX A

REVIEW OF PACKAGING REQUIRKMENTS FOR DANGEROUS ARTICLES
OTHER THAN ETIOLOGIC AGENTS
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1. Atomic Energy Commis: -n, Title 10, Part 71.64,
(a) To be applied separately to the package:
(1) Thirtv-minute water spray and then a 4-foot drop.
(2) One-foot drop on each cornmer in succession.

(3) Drop a 13-pound, li-inch-diameter steel cylinder 4 feet
onto the most vulnerable point.

(b) To be applied sequentially:

(1) Thirty-foot drop (flat surface) onto the most vulnerable
peint.

!
i

(2) Forty-inch drop onto end of a steel bar % inches in diameter.
(c) Miscellaneous minor tests.
2. Interstate Comnerce Commission (now Department of Transportation),

(2) 49CFR173.235, Class A poison in Police Grenades, packaged,
requires a 5-foot drop test.

(b) 49CFR78 various sections, Class A pofl.ons, only 4- and é-fcot
drops and & 55-inch swing.

3. Air Force Manual 7i-4 (Army TM 38-250), 15 November 1965, para-
graphs 10-23, for Military Aircraft. (Except for laboratory samples,
Class A poisons are not transportable on commercial airlines,)

(8) Agents

(1) VX and V agents, Tabun, Lewisite, mustard gas - all up
to 125 pounds of agent per cvlinder.

(2) Phosgene up to 150 pounds of agent »er cvlinder.
{b) Containers
(1) Cylinder specification referred to in AFM 71-4 is in

Agent T.C. George's Tariff 19 (49CFR) para. 178.41 - 14(d) no drop test
required. Tc be tested to at least 5/3 times the service pressure.
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(2) Ore-ton container tanks (to hold 170 gallons of agent) are
not mentioned in AFM 71-4, but are included in Army Materiel Command
Regulation 385-232, page 8, para. 24d, They can be shipped by air (page
31, para. 106). I1.C.C. Specification 106A (49CFR173.333); Tariff 19,
173.357(b)(4) and 179.300=6 and -9 state that no drop test is required;
tanks arec tested at 500 to 1,000 psi depending upon the tank specification.
This container leaked a forceful gross spray after a 40-foot drop.*

(3) Cylinder mentioned in AMCR 385-232, page 8, ICC Specifica-
tion 3A 1800 (Tariff 19, page 184, paragraph 178.36), to holc less than
1,000 pounds' water capacity: No drop test is required; they are tested
at 1,800 psi.

* Navsl '~ u4pors Lab., Dahlgren, Va., Report N4, No., W-27/64, October 1964,
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APPENDIX B

bkuP OR CRASH TESTS OF ETIOLOGIC AGENT SHIPPING CONTAINERS,
1953 TO 1967
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Impact
Test Tiuwe, Drop Height Number of Con- Speed, Inner
*fIdentiflcation Place and Surface tainers Dropped ft/sec Container
July 's3 5 to 20 ft 4 dropped Unknown 500 m1 in
Fort Detrick Fort Detricklto concrete 7 to 12 times Pyrex bottle
Maryland each
rort Detrick 24 May '56 {Ome box Leaked Unknown 2%-gal Pyrex
Wash Airport)dropped Mahouey virus btottle of
cargo trans- nolic virus
fer
42CFR7. 25 "withstand conditions Unknown Watertight &
Us pds ordinarily incident to airtight
transportation handling" 1-gal max.

1 , Milk dilution
USPHS—/ 1960 1,000-1,500 17 packages of Unknown bottle or 15 x
Zeport 75, Chamb lee, ft to hard liquid, dropped 150 mom glass
Nov. '60 Georgia ba~ed soil once each tubes
Fort Detrtckl/ 16 May "61 12,000 & 4,000 | 15 at 2,000 ft 151 +22% 250- or 500-ml

Dugway PG ft to sandy 15 at 4,000 ft2 Pyrex or plastid
tah soil bottle
Fort Detrick April '61 30 ft to 30 (6 each of 5 !Unknown As above
Fort Detrirk fconcrete varieties) each
dropped 6 times,
12 frozen®
Edgewood Arsenal] Juane '67 1,509 ft te }Ope dry fili. 313 3 pint glass
Edgewood, concrete One wet fill. jars, rubber
Marvland between them
1
Fort Detrick 26 June '64 ) 100 fr to Yo frozen, 2 Unknown Number 3
Fort Detrick} black-top ligquid, 1,200 ml can
miacadam o
20ne 500-ml “500-ml Pyrex
liquid bott le
Fort Detrick 19 July "65 1100 ft to Four l-gal Unkncwn Number 12
Fort Detridk|black-top frozea pellets (1-gal) crimp-
macadam (1,514 ml liquid) sealed tin can




82 Vermicu 4
lited!

telescopic

Tvpe of Middle Outer Toral
Packing Container Packing Cont.iiner Weight Result
Absorbent 406 -700 Sponge 610-708 about No leakage of
cotton crimp-sealed rubber {friction-sealedf 7 1b agent .
can car {i gal)
Rubber 5-gal steel Compressed| 10 i+ h square f 33 1b Pilot fingered &
floor pad ice-cream can,] tleiched Jcorrnu (tedcard- smelled fluid.
& wrapper | unsealed slip fcelluloselbhoird hox, Cargo handler's
cover fiber t1ped clothes moistened,
Must absarb § Must be dur- | None Corrugated camH ypkneurf No Infect.ons
all liquid}] able, water- required |hoard, fiber known to PHS.
contents tight, air- glass, wood or
ticht equivalent
"Shock Friction- or |'Shock- Egggigggfs MOt nknown] No teak thru
absorber” | crimp-sealed |resistindYochers, card- outer package.
or paper can toard box One tube nroke,
Atsorbent | No. 3 or No. {Vermicu- f1° 17811 fric. g5 .4 No l~+kage to out
R i2 , . sealed cins. 7 5 1h
cottor i crimp- lite 15 10-in 0.D.x §7+2 ! side. One bottle
sealed can 12%-in fiber broke.
cvliinder
Ag ' ove As above As above {As above As No leakage.
above No bottles broke.
Sponge No. 3 crimp- Sporge M1BAT metal 24 1b No leakage outsidd
rubber sealed can rubber propellant con- Condition of
Frapper tainer 26% x bottles unknown
0 3/4 in.0.Da
-
lAbsorbent No. 12 (l-gal)lAbsorbent [702-900 fiber 5 1b “In one, liquid
cotton crimp-sealed cotton cylinder, leaked to out-
can te lescopic side.
2
Nc leakage to
outside,
: - :
2 absorbert] None None /02-906 fiber 5.2 No ledkage to
cotton cyiinder, 1b outside.

“One leaked to
outside when
pellets meited,

21
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Impact
Test Time, Drop Height | Number of Con- Speed, Inner
Identification Place and Surface | tainers Dropped ft/sec Centainer
AFATL (ATCB) 120 Oct '66 | C-119C air- | ‘One CNU-103/E {1203 (air- | *Plastic bag
Contract FO8- Phoenix, craft craft in A/B45Y-1
635-670;33}2 Arizona crashed speed)<
Eglin A concrete
wail " 2
%16 Nov '66 |2¢-119C air- | Ome CNU-103/E ©203 (air- Plastic bag
eraft crnft in A/B45Y-1
crashed speed)ﬁ/
concrete
a awall s s
25 Jan ‘67 C-119C air- | Three No. 3 39203 (air- Number 3
craft veesred! crimp-sealed craft crimp-sealed
over con- cans spaed)ﬁf cans
crete wall
* One 1-gal *One l-gal
plastic bottle plastic
bottie
Pine Bluff "1 Jan '67 114 fr to 5 cotton waste Unknown Number 12 1-
Arsenal FusA, Ark. grassy 5 vermiculite gal crimp-~
ground packing sealed can,
crushed ice
Fort Detrick 30 June '67 {160 ft to 2 MD Div. SKE Unknown Aluminum
Fort Det-ick [black-top 7-1088, 1 May 67 cylinder 19 x
cadam 6 inches 0.D.
1900-m1 vol.
Edgewood 13 Oct '67 1,000 ft to |Four 1-gal metal |80 610-707 can,
Arsenal Edgewood concrete cans friction-
Arsenal sealed, 3-point
solder
2 NI sy




li ripping

point solder rtrip

Type of Middle Outer Total
Packing Container | Packing Containe: | Weight Result
*Balsa 136 x 169-in |'Balsa 1Plywood + 12,000 'No 1iquid
steel a luminum 1b leaked, still
cylinder shock absorber freon-tight.
etc. 60 in. sq
R R JX 229 in. lonéﬂ R
Balsa "36 x 169-in |?Balsa “Plywood + ~ 12,000 {"No liquid
steel aluminum ib leaked, still
cylinder shock absecrber freon-tight.
etc. 60 in.sq
R a A 2 ¥ 229 in, long s s
Absortent Number 12 Abscrbent | 702-906 tiber [ 5 1b No leskage to
cot:on crimp-sealed| cotton cylinder, ocutside.
can telescopic
*Cellulose *6-gal steel ‘Cellglose ‘12-gal sceel ['72 1b [*No leakage to
cushion drum ;?;2&23 &1 grum outside .
MS63049-1 spacers MS63052-2
top and
bottom
5 cotten 808-306 2-gal |[None Corrugated 8 1b 4% lnner cane
5 vermicu- | friction- tiber box 812 leaked. No out-
lited’ sealed can, x 812 x 10 in. side leakage.
#4 soldered 1lid 0.D.
Wood, fiber |9-gal metal |[Vermicu- |Cleated ply- P4 Ib Aluminum cylinder
spacers drum lite grade jwood box 15% helium-tight
& vermicu- | MSH3049 g2 x 15% x 30 in, after drop (dry
lited/ f111) .
R leached 804-908 2-gal Bleached [Corrugated 13 1b All leaked
cellulose can friction- kellulose Ifiber box 12% [13 ez liquid to
fiber sealed, 4- fiber k10 3/4 x outside .
10 3/4 in.

!

a. These are the standard containers listed in Appendix VII, AMCR 385-101.
b. Agricultural grade - water absorbent.
c.

155.5 ft/sec

+5.5% was impact speed of the CNU-103/E (NA-67-785 Evaluation

23

21 August 1967, by North American Aviation, Inc., USAF Contract FO 8635-67-0002).
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APPENDIX C

DROP TESTS OF ETIOLOGIC AGENT SHIPPING CONTAINERS
FROM 1,000 FEET TO CONCRETEZ/
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26
Number of §?§2§fg/ Inner Middle
Containers ]| ft'sec Container Packing Coptainer
4: No. Al, A3-100 500-m1 Pyrex Absorbent 1-gal 603-812
A2, A3, AL A4-117 bottle, 500 ml cotton crimp-sealed
water can #12
4: No. BS. B5-1C0 500-m1 Pyrex vermiculite 1-gal 603-812
B6, B7, B8 B7- 81 botctle, 500 ml #3 crimp-sealed
Yaler can {12
4: No. Cl, Cc1-95 500-m1 Pyrex Cellulose 1-gal 603-812
c2, C3, ch C3-75 bottle, 50C mi fiber crimp-sealed
’ C4-56 gater stripping |can #12
2: No. DI, D2-92 500-ml Pyrex Cellulose §2-gal 804-908 car
D2 bottle, 500 ml fiber friction-sealed;
water stripping |4-point solder
4: No. El, E3-80 1-gal 610-707 can JCellulose {2-gal 804-908 canj
E2, ©3, E4 E4-79 friction-realed; ]fiber friction-sealed;
3-point solder stripping ]&4-polnt soider
6: No. Fl, unknown { Glass test tube |Absorbent |1 1/8 inch dia.,
F2, ¥3, F, 20 x 150 mm, cotton x 7 inch can,
FS, Fé 10 ml liquid screw cap
3: No. Gl, unknown | Glass vaccine Absorbent }1 5/8 inch dia. x
G2, 63 bottle rubber cotton 3 11/16 inch can,
stopper, 32 x 62 tin screw cap
mmg 1o ml
3: No. HI, unknown | Glass, 25 x 55 mmfAbsorbent J1 5/8 in h dia., x
H2, 43 rubber stopper cotton 3 11/16 inch can,
10 ml liquid tin screw cap
6: No. T1, unknown | 4 Glass test tubeq Absorbent |2 7/8 inch dia. x
12, 13, 14, 20 x 150 mm, 10 cotton 6 13/16 inch can,
15, 16 ml liquid each tin screw cap &
bottom
2: M1, M2 M1-87 #3. 404 407 tin, Kellulose 1-gal #12 can
M2-78 crimp-sealed fiber 603-812, crimp~
i«00-ml liquid sealed
1: PEMA 15- 184 15-gal drum, ermiculite;30-gal metal drum,
gal drum metal, M563052-2 4 MS524209-2
1t PEMA 5- 196 S-ga) plastic Vermiculitef16-gal metal
gal drum drumoin metal #4 drum, MS63053-1
drum, Mil-D-
401330
1: 1IBM 103 1300-m1 alumiaum ] Wooed, 9-gal metal drum
’ cylinder 19- x 6- fiber, MS63049
fnch diameter bermiculite
SKE-7-1088
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; Packi OQuter Total
; acking Container Weight Results ——namgf
g Vermiculite 10 inch dia. x 8 1/8 All bottles broke. All #12 ceus intact.
H #3 12% inch fiber 1b. A2 #12 can ejected. No esvcernal leaks,
{ cylinder
7
: Vermiculite | 10 inch dia. x 8 1/8 BS, B6 bottles broke. B7, E8 intact.
; #3 12% inch fiber 1b. B6, B7, BB tins intact. BS, B8 tins ejected.
: cylinder B5 had major leak.
'
: Cellulose 10 inch dia. x 7 11/16 All bottles brcke. Alil tins intact.
tiber 12% inel fiber 1b. No external leaks.
. stripping cylinder
Cellulose 10 inch dia. x 77/8 Both bottles broke., Both tins intact.
. fiber 12% inch fiber 1b. No external leaks.
stripping cylinder
Celluiose Corrugated fiber 13 1b. All 1 gal & 2 gal tins leaked. All had serf{ous
fiber hox 12% x 10 3/4 | 13 oz. leakage into cellulose.
stripping x 10 3/4 inches
i ! Absorbent Fiber, 1%-inch dia.| 5 oz. Only F4 test tube did not breaak. Ail tins
i cotton Ik 7 5/8 inch, met':al intact. No external leaks,
! ap, metal bottom
+ H
H " i
; Absorbent Fi?er, Z-inch dia. 5 vz. No glass bottles troke. No external leaks. i -
i bk 4 inch, metal
cotton H
\ screw cap, metal H
H : torrom !
Absorbent Fiber. 2_i?Ch didel s oz, No glass bottles broke. No external leaks. ?
. x 4 inch, -cetal H
Cotton .
screw cap, metal 3
bottom !
¢ Absorbent Fiber, 3b-lach diy 1 or more test tubes broke in each package, but :
! cotton x 7 7/16 inch, cin 1 ib. only I3 leaked past tin container. Only I3 had !
: screw cap & botton ¢light leak into inner cotton. :
]
Cellulose Corrugated fiber Ty 1b. M2 slight leak atter standing 2 davs. Ml slight .
{iber box 10 x 8 3/4 x leak into cellulose. (M2 dropped twice). ¢
8 34 f{nches
; Pivwood & S5-gal drum 321 1b. '
. Styrofoam MS63054, 23%-inch {without A1l tluid lost +fter impact on side. :
. spacers dta. x 50 inches {ce
; £
: Plvwood & J0-gallon metal 128 1b. Slight leak through secondary container. No
; Styrofoam drum, MS246209.2 without external leak, :
: foacers ice ;
¥
i Celivlvuse Cleated plywood 99 1b. Alusinum cvltader intact. No external leak.
L {ibey box 15y x 15%
: strigping x 30 fnches
;

Figewood Arreral, 13 October 1967,

5. Findings ave based or the film's being taken at 1800 frames per second. The camera
speed was checked bv mechanical timing and iight hlips on the tilm. It was found to é
oprrate consf{stently at that aspeed.
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APPENDIX D

PROPOSED SMALL-VOLUME CHEMICAL AGENT SHIPPING CONTAINERS




2y

Drop tests were conducted for shipping containers of less than 1-
gallon volume for chemiral agents from altiiudes of 500 and 1,000 feet
above ground level onto dry, baked, desert soil, macadam or concrete at
Dugwayv Proving Ground. Commercially available Pyrex lyophilization
ampoules (50 ml) containing 25 nl of an 0il Red dye dissolved in carbon
tetrachloride were used as proposed shipping containers (Fig. 1). After
the dye was placed in the ampoule the ampoule neck was heat-sealed without
being reannealed. One to four ampoules were placed in a crimp-sealed
No. 3 tin can (size 404-700), which was placed in a No. 12 crimp-sealed
tin can (size 603-812). One of three types of absorbent cushioning
material (absorbent cotton, vermiculite (construction grade) size IV,
and small fragments of Styrofoam) was used to fill the void betwe-n
the ampoules and the No. 3 can, and between the No. 3 and No. 12 cans,
All of the ampoules remained intact after landing on dry, baked,desert
soil, macadam, or concrete (Fig. 1). The fecllowing tabulation sho.s
the test protocol.

Ampoules/ Number of Distance
Container Containersd/ Absorbent Dropped, ft
1 4 cotton 500 & 1,000
1 4 vermiculite 500 & 1,000
1 4 Styrofoam 500 & 1,000
fragments
2 4 vermiculite 500
3 4 vermiculite 500
4 3 vermiculite 500

a. All contained a No. 3 can with ampoules inside.

E
3
$
i

QT Wy
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FIGURE 1. Proposed Chemical Agent Shipping Cumtainers
(52-a] GClass Ampoules, lirat Sealed). All ampoules

. remaired intact after bheing dropped 300 or 1,000 feet
mto dirt, macadam, or condrete.
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