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SUMMARY

The design, of systems for protection of personnel while preparing,

transporting and testing high-energy research materials of unknown sensitivity

is discussed in this report. Facilities for preparing and handling such materia.:ls

have b~een built at the Callery Research and Development L3.boratories. The

e-qipm~ent and constructions have been tested with explosions of tetryl, of

approximatety 50 percent greater weight than the maximumn of the experimental

material toi be handled. In thie construction~, personnel safety was the prime

consideration and4 equipment protectionx was of secondary concern,



DISCU3SSION~

Equipment that allows easy handling of high-en~ergy, sensitive

mnaterials -while providing for safety of operating personnel is discussed in detail

below. This equiprlnent is divided into three general groups.

(1) Constriaction that protects personnel if any or all of the
contairied material detonates.

(2) Equipment that enables simrple, remote performance of
operations.

(3) Equipment for easy and safe transportation of the sensitive
material from one area to another.

Designs to be used in the first and third groups above were tested with

exploding tetryl prior to their approval for use. The tetryl charge in each case

was about 50 percent greater in weight than the maximum quantity of research

material to be handled in the equipment under test.

(1) Construction

Protective enclosures are necessary for the handling areas' to shield

personnel fromn shrapnel and flamne that might result from an accidental explosion.

The walls of each enclosure are built of mild steel plate completely welded to-

gether for strength and weather protection. These walls also provide a means

of mounting the remote handling equipment. 'Use of the steel walls for mounting

is kept to a minimum to avoid weakening these walls. The outside of one such

area showing mountings of valve handle extensions can be seen in Figure 1.
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The enclosures described in this section have been adequate for protection

of the operating personnel. They have been tested with explosions of tetryl, and

they were subjected to an accidental explosion of research material. In all cases,

damage to the enclosures was negligible and protection of the operating area was

very good.

One wall is built of a relatively soft material, such as insulation, to fall

away quickly under pressure. In this way, any pressure generated by an explosion

is relieved before the steel walls are affected. These soft walls are also capable

of stopping or slowing down shrapnel before falling away. The soft wall is always

located on the opposite side of the system from the operating area for maximum

personnel safety.

The design limits for each area are one-half po'rnd total with no more than

100 grams in any container at one time. Containers are installed no less than one

foot apart and no less than two inches from the protective steel walls. Where

possible, containers are made of glass to avoid high confinement of exploding

material and to reduce the amount of steel shrapnel produced by an interaal

explosion.

To further lessen the possibility of shrapnel penetrating the steel walls,

a minimum of two steel plates is used, each at least one-fourth inch thick and

separated by at least one foot. Within tie limits of research material mentioned

above, it seems reasonable to assume that the steel plate nearest the explosion

N__
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will slow down (if not stop) any metal fragments so that penetration of the second

plate will be negligible. Another advantage of the plate separation is that the plates

provided two points of support for the remote handling equipment (for example.

valve handle extensions). Both inside and outside steel wialls with the rxmouttings

of valves and their extension handles can- be seen iii Figure 2,

One inch thick Plexiglas windows are installed -in both steel walls so that

containers and operations can be observed behind the inside steel wall. The

Plexiglas areas are kept to a minimum to avoid weakening the steel plates.

Frames are built of steel angle for the windows so that the windows are com-

pletely enclosed and overlap the hale in the steel plate by at least one inch on

every side. A typical window installation is shown in Figure 3.

Steel doors were installed in the steel walls for personnel access to the

eq~uipment. The doorsB were provided with bar latches to prevent their flying

open from the force of an explosion in the equipment area. A typical safety door

installation is shown at the left side of Figure 4.

One step in the handling anid operating procedure does not take full

advantage of the above construction protection. This step is the introduction of

the research material into one of the systems. For this step additional personnel

protection is necessary. Since the operation requires moving a containaer of

resea-rch material through both the outside and inside steel plates, small holes

are necessary in both plates. Akdequate: steel doors can be installed to retain two-

~ -~ -
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single plate separate* the operator irotrn the process system. An introduction

hole with latched door is shown ini Figure S. This door is hinged and opens in-

war dly. F;gure 6 sho3ws a sample of research material being moved into the unit

through the introduction hole. The research material is inside the safety carrier

(discussed in detail in Section 3 of this report) at the end of the carrying rod.

A steel tunnel is welded to the inside of the outer steel plate to improve

personnel protection. An illustration of a tumnnel installation is shown in Figure

7. The tunnel serves to reduce the area from which fragments may come to the

open door. The tunnels are mnade of steel plate at least orie-quarter inch thick

with both sides and the bottomn welded along all seams to each other and to the

wall around the doorway. The tops of the tunnels are made of the same plate

as above but are laid, without welding, across the tops of the side pieces. When

an explosion occurs inside the tunnel the top will be blown away and the tunnel

will niot direct the force of the explosion. as well as glass fragments, out the

tunnel toward the operating personnel.

Du~ring the introduction operation the container of research material musit

be passed through the outside wall, moved to the hole in the inside wall, and then

passed through the inner. wall to the process system. These two holes may riot

face each other because of the open path from the process system to the operating

area available to any flying particles. However, the personnel protection is only

wwr
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one wall when the container is between the two walls, being'moved from one

entrance hole to the other.

The limit of material chosen for each introduction is thirty-five grarng;

Single wall protection appears adee'4uate for this quantity if the container is miade

of glass. If larger quantities of material are required in the procese sy~tenm,

more than one transfer will be necessary.

Sliding or hinged doors are acceptable for both the outer and inner wall

introduction holes. Hinged doors are placed on the inside of the wall 'while the

sliding types are installed on either side of the wall. In all of the installations

the doors overlap their openings by at lecist one irkch on each side. The sliding

doors are fully enclosed on three sides by steel angle, completely welded. Small

sliding doors can be seen on the outside steel wall shown in Figure 4.

Two tests were made with exploding tetryl pellets to substantiate! the

safety of the construction as described above. In the area chosen for the tests,

all protective plates, windows and doors had been iristalled but no proceas equip-

mernt had been placed because of the expense of repairing and replacing this

equ-iprnert. It wag felt that the process ectuipment did not add eniough iseverity

to the test to justtfy the expense.

For both tests, the situations chosen simulated those that would bt

most dangerous during actual operation. The weight of tetryl charges used,

equated or e~cceeded the maximumn weight of research material anticipated in

each situation,

'4 ~ ' & r'~TMt f. i rr~l tfIfhIifIfl~m 1 ~
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Test No. I was made to sirnailate an explosion of m-aterial in a glass storage

container near the inside steel wall of onie of the handling areas,, A diagramn of the

arrangement of the tetryl pellets is shown in Figure 8. The pellet~s were 50 grams

eah-1 inches in diameter and 0. 5 inches thick. The pellets were initiated

simultaneously, each by a U. S. Army Type 32 blasting cap. A six frarne sequen~ce

of this test. taken by a motion picture camera at 50 (ramres per second. is shown

in Figure 9.

No visible damage was done to the structural steel or to the windows.

About half of the anchor bolts that held the inside steel wall to the concrete wall

and floor were loosened, and two bolts were bent. The loosened and bent bolts

had to be replaced.

Test No. 2 was made to simulate an explosion of materiall in the transport

carrier while the carrier was inside the steel tunnel.- A single 50 gram tetryl

pellet was used. The pellet and its initiation were the same as in the first test.

The transport carrier is shown in Figure 10, and described in Section 3 of this

report. The tunnel was constructed of one-fourth inch thick steel plate and was

17 inches high, 12 inches wide and 15 inches long. A six frame sequence of this

test is ghowin in Figure 11.

The effects of the blast on the structure were the same as in the first

test. The bottom and top plate@ of the tunnel were badly bent but were still

whole. The weld joining the bottom piece to one~cf the side pieces was broken.
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The loose top plate was thrown through a five-eighths inch thick plywood sheet

used as a roof and was found lying on the roof, The tunnel top had probably been

deflected by the steel blast mat located about three feet above the plywood roof.

The effects on the transport carrier were the same as those noted in Table A of

Section 3, Test No. 7.

The results of these tests indicate that the construction is adequate from

the standpoint of safety to the personnel in the operating area. Damage to the

structural steel was minor and very few repairs were necessary. However,

extensive damage would probably have resulted to the process and handling

eouipment

Further evidence to support the above conclusions was the effects of an

explosion that occurred in one of the systems during actual operation. At least

40 grams of research material exploded in this area, destroying essentially all

of the glass components and sections of the stainless steel piping as well as

several pieces of metallic equipment. The soft wall fell away and several pieces

of broken pipe fittings were found imbedded in this wall. The one inch thick

Plexiglas at the inner walls was gouged in many places and some minor damage

was evident to the steel structure of the inner walls.

Two persons were in the operating area when the explosion occurred and

they were completely unharmed. On the basis of the tetryl tests and the accidental

explosion, the structures appear adequate for tull protection of the operating

personnel.
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A magazine for the storage of the research material in quantities up to two

poun~ds hao been built near one of the systems. The metal storage container is

located in a hole in the ground with six inch thick concrete walls, This type of

con~struction was used so that an explosion will b6 directed upward, and not to-

ward inhabited buildings around the area., 100 to 200 feet away. The hole is

covered by a single piece of five- eighths inchi thick plywood and is surrounded by

a three foot high sanrdbag wall. A sandbag wall also protects the transfer piping

through which research material is mioved from the operating system to the storage

magazine.

(2) R~emote Handlin~g Equipment

The, rernote handling equ~ipment consists mainly of:

(a.) jack extension handles,

(b) extension handles for valves arnd stopcocks, and

(c) manipulators for remote handling of small containers
of research material.

Since the procesis equipment and piping are located behind the inside steel wall,

the extension handles are. of suitable length to operate valves, stopcocks, or

jacks mounited on or behind the inside wall, Figure 1Z itlitstrates such Valve

anid stopcoack handle extensions. The rods in the lower center are the extensions.

A Plexiglas window for viewing valve and stopcock operation is shown in the

{center of Figure 12.
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The m~ani~pulator design Ws shown la Figure 13. The jaws $~an be remnotely

closed aro~unda smalt. containier' so that reeearch material can be moved froivn

place to place, poured or mix~ed with other materials. Figure 14 shows a typical

manipulator operation. Thes glass container (Figure 15) has been graeped with the

maniputa-tor f or pou~ring. The alurninumn safety carrier can be seen in the center

of Figure 14. 'Xh~e 6leeve has been remotely raised (the top Plexiglas support

plate is f~ish with the top of the carrier) to expose the glass container go that it

can be grasped with the manipulator.

(3) Traixsport Equ ipment

A. transport carrier was designed so that quantities up to thirty-five grams

of research material can be safety transferred from one systern to another. A

portable carrier is required in which research miaterial can be moved with com-

plete safety to the operating personnel.

T'he carrier design which meets all necessary requirements is shown in

Figure 1 0. Ca-Triers miade according to this draing passed all excplosion. tests

and. are Aigbit enougih to be portable. In addition, the mochanical design allows

easy irisvrtiotn and removal of the glass coatainer with the research material.

P'lease n~ote that "container" -refer@ to the glass container (illustrated in Figure

15) in which Vie ie~earch material is handled and that "carrier"t ref er a to the

metal pilpe and its auxiliary parts (F'igure 10) inaide of which the glass container
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is placed for transportation. The carrier is the safety Ohield for personnel if a

container of research material accidentally explodes during transport.

Protection against two hazards, shrapnel and the shock or pressure wave,,

is necessary if an accidental _xplosion occurs during transportation. Glass was

chosen for the container material to avoid the problem of metal fragments.

Experience had shown that upon detonation of the research material, the container

glass was reduced to very fine particles. Larger parts such as Teflon stopcocks,

however, were not powdered and it appeared that a safe carrier would have to

contain such parts or direct their flight in a safe path.

For siml•city, the .. a ..s .. as shown in. Figure 15, is built from

a Z5 rnm test tube. Stopcocks are added to the filling and pouring lines to elimi-

nate evaporation and spillage during transport. Thirty-five grams of research

material, the transport limit, results in a liquid height of about one and three-

fourths inches in the glass container. The plexiglas supports in the sliding sleeve

are placed so that the liquid in the glass container will be in the center of the

metal carrier for maximum safety.

The carrier material is aluminum, demonstrated in tests, not to rupture

or fragment. A carrier built to contain all particles produced in an explosion

of 35 grams would be quite heavy and could not be considered easily portable.

A cylindrical carrier was designed to be used with open ends vertical. Particles

from inside will then be directed straight upward or downward but not radially

toward personnel in the vicinity.
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Three carriers, built as shown in Figure 10. were tested withi exploding

tetryl. These testis were Nos. Z, 7 and 8 described in Table A. Only the Plexiglas

supports were omitted for simplicity. In each of these three tests, a 50 gramn

tetryl pellet was placed along the axis of the carrier, halfway between the ends.

The stainless steel tubing sleeve was also centered in the aluminum pipe. The

tetryl detonations were initiated by U. S. Army Type JZ blasting caps.

The effects on the carrier were the sarne in all three tests. The pipes

were bulged as shown in Figure 16. The sleeves were expanded tightly against

the insides of the pipes and had corresponding bulges.

Motion pictures were taken of Test No. 8 at fifty frames per second. A

,six frame sequence of the test is shown in Figure 17. These pictures indicated

that the flame area on explosion extends to a maximum of two -and-one -half feet

from the axis of the carrier at ground level. This result is the samne as deter-

mnined by the witness plates used in Tests No. 3, 4 and 5.

Atmospheric pressures were recorded near the test carrier during Test

No. 8. The pressures were sensed by pressure transducers with their diaphragmas

completely exposed anid facing the axis -of the metal carrier. A diagram of ,the

transducer locations and the maximumr pressures recorded is shown in Figure 18.

To provide a reflective surface at ground levet for the pressure wave,

issuing from the exploding tetryl, a large sheet of plywood was placed beneath

the carrier and the transducer array. The plywood was treated with a high-gloas

water sealer to make the top of the ply'wood more reflective to sonic disturbavicSes
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Figure 19
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The charge was exploded and the following prossures m-easixre4 with thre

transducers:

Pressure
Transducer Distance from Distance above Max"Mum

No. Carrier Axis Ground Level Pressure

1 3 feet 1 foot 14 PSIG

23 feet 3-1/2 feet 7 PSIG

3 5 feet 1 foot 5-1/3 PSIG

4 5 feet 3-1/2. feet 2-1/2 PSlG

In all caries, maximum pressures were attained and the readings had re-

tuirned to essentially atmospheric pressure in one to two milliseconds from the

time of first pressure rise.

The tranod-acers located five feet from the carrier sensed the first

pressure- rise slightly more than two milliseconds after the first pressure rises

were seased at the transducers three feet from the carrier.

It has been cyncluded that the pressure peaks existing for such short

du~ration will cause no physical harm to personnel. standing three to five feet

fr'om the carrier when an accidental explosion (resulting from a quantity of

imaterial~ equivalent to 50 grams of tetryt) occurs within the carrier.
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SFigure 21

Effect on Pipe--TestNo, 5



The complete carrier design ae showit in Figure 19 i considered aeqate

for personnel safety when a glass container with up to 35 gramse of research

material explodes accidentally during transport.

Tests were made of other candidate carrier designs and they are listed in

Table A. All testa were made with tetryl pellets supported in the center of the

metal carriers. U. S. ArMzy Type J2 blasting caps were used to initiate the

tetryl detonations in all these tests.

In Test No. 3, mild steel pipe (5 inch diayneter, schedule 40, 12 inches

long) was used for the carrier. A single 50 gram tetryl pellet was used and the

explosion bulged the pipe slightly at the center with no ruptures or cracks in the

pipe. The effect on the pipe is shown in Figure 19.

Test No. 4 was tircrilar to No. 3 except that the charge was two 50 gram

tetryl pellets. The results were similar to those of Test No. 3 except the bulge

was larger. Again no pipe ruptures or cracks appeared. Figure 20 shows the

resultant pipe. This test was made to learn if the result of Test No. 3 was

borderline. That is, a slightly larger charge than that used in Test No. 3 may

have resulted in severe pipe damage and the safety of the pipe would have been

marginal. The result of Test No. 4 indicated that the strength was adequate for

50 grams of tetryl and that the bulging that occurred in Test No. 3 was well

within the limits of safety.
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In Tests No. 3, 4 and 5 plywood and plastic sheet witness plates were

to determine the area of particle impact upon explosion. The witness plates w

placed three feet below the bottom of the carriers, normal to the axis of the

carriers. This was the approximate height above ground that the carrier woul

held when carried by operating personnel at the end of a rod. Maximum radiu

the downward spray was 2 to 2-1/2 feet in these tests. Four feet was chosen a

the closest approach of personnel to the carrier (with container of material) at

normal carrying height.

Although the mild steel carrier was of sufficient strength, it was too ho

to be carried for any distance at the end of a rod at least four feet long. If

mechanical means were devised for handling the mild steel carrier, the simpl

of the design would have been sacrificed.

Aluminum pipe (5 inch diameter, schedule 40, 1Z iriches long) was usei

in Test No. 5. A single 50 gram tetryl pellet simulated the research material

The aluminum pipe bulged mere than the steel pipe in either Test No. 3 or 4 a

the pipe split severely as shown in Figure Zl. Aluminum pipe alone was con-

sidered totally inadequate as the carrier.

In Test No. 6 a twelve inch length of five inch stainless steel tubing,

approximately one-eighth inch wall thickness, was used as the carrier. A

single 50 gram tetryl pellet was used and upon explosion the tubing bulged

about the same as when 100 grams of tetryl was exploded in the mild steel

I
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pipe (Test No. 4). The effect on the tubing is shown in Figure 2Z, The successs

of this test was considered bo0rderline.

A combination of the stainless steel tubing inside the alumbinun pipe is

desirable for two reasons:

(a) the strength of the combination is greater than the pipe or
tubing alone, and

(b) a sliding sleeve inside the pipe makes removal of the glass
container easier.

The container supports are attached to a four inch length of the stainless

steel tubing. Figure 10 illustrates the details explained below. The supports

are two Plexiglas circles with holes in the center. The center holes are only

large enough to allow the glass container to slip through. The Plexiglas Sup-

ports are placed two inches &part in the sleeve to keep the glass contaiaer up-

right. Glass beads are attached to the container and these rest on the upper

Plexiglas support. In this mnanner, the glass container is properly position"ed

with respect to the sleeve, The sleeve length chosen is four inches to reduce

overall carrier weight without sacrifice of strength at the center where the

carriers were bulging in the tests.

Once the carrier is passed through the outside steel wall in one 0f the

areas, the sleeve is rer.otely raised with respect to the pipe. By ra-sing the

sleeve the glass container is e2posed enough to be grasped with the mranipvlat.'

(Ia
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for further handling. The glass container inside the carrier during transport is

illustrated in Figure Z3A and Figure 23B shows the sleeve raised remotely and thc

alass container held with a manipulator for such an operation as pouring to another

container.

The final two tests, No. 7 and 8, described previously, were identical and

concluded the series. No further testing was necessary as the evolved ca-ri:

design met all reou,.ements.
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