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NOLTR 61-138

PROPELLANTS
INTRODUCTION

Solid propellants, like pyrotechnics, to be effective
must release substantial quantities of energy as heat
plus large volumes of gases. The energy of propellants
is released during longer periods of time than the energy
of explosives. In spite of this slower energy release
from propellants it is fast enough so that in case of
accident the resulting destruction may appear to be equal
to that of an explosion. After viewing an accident involving
propellants, it is often very difficult to believe that an
explosion did not occur, and in fact, explosions do occur.

The hzards of propellant processing are usually
greater than the hazards associated with the finished product.
Also, there may be hazards associated with processing a new
propellant composition that have never been previously encountered.
Therefore, essential information for insurance of safety must
be obtained by working on a small scale and by exhaustive tests
of the product before undertaking larger scale work. Whether
a new propellant formulation is detonable or not should be
established early in its development. The protection required
in working with detonable propellants is substantially greater
than in working with those which are not detonable.

Exhaustive product testing, while undoubtedly highly
desirable, will reach a point of no return and, perhaps,
before that point is reached, interpose an intolerable delay
to larger scale production of more energetic propellants.
Furthermore, the demands for more and more energetic propulsion
require use of the most energetic ingredients compounded to
take full advantage of their available energy. Under these
circumstancee it seems certain that explosiona during processing
cannot be immediately eliminated. Because such incidents must
be accepted as part of first production, plants must be de-
signed uo that property damage will be tolerable and injuries
to employees and loss of life will be prevented.

PURPOSE JAND SCOPE

Safety requirements are prescribed that are intended
to reduce the probability of property damagt, and bodily injury
incidents during the manufacture and loading into rocket motors
of castable composite propellante.
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NOLTR 61-138

Those who are responsible for the design of' propellant
manufe.turing facilities and for tbeir operation should observe
all the applicable admonitions presented in other sections of
this publication. For the purpose of this publication, com-
posite propellants are those which consist of mixtures of fuels,
binders, and oxidizers with or without other ingredients. It
is not applicable to operations involving only cclloid pro-
ellants; however, it is applicable to colloid propellants
eg., cast double-base) that are used as ingredients in

composite propellant compositions.

Building Constructinrr

a. Maximum use shall be made of fire-retardant materials.

b. Construction and materials should be such that the
missile hazard will be minimized. At least one wall of each
building, bay, or room in which fuel compositions and oxidizers
are mixed and subsequent hazardous operations in the manufacturing
process are performed shall be of blowout-type, offering a
minimum of resistance to an internal explosion. Roofs also
shall be of the venting type.

c. Where multibay or multicubicle construction is used,
means should be provided for limiting the spread of fire from
bay to bay or cubicle to cubicle. In future construction,
substantial dividing walls shall extend through the ioof and
roofs shall be independently supported over individual bays.
In addition, void space between ceilings and roofs shall be
kept to a minimum.

d. Exposed interior surfaces of propellant operating
uildings should be smooth, fire retardant, and free from cracks
-id crevices. Joints should be taped or sealed. When walls
J ceilings are painted, hard gloss paint shall be used to

iucilitate cleaning and minimize impregnation of finished wall
and ceiling materials. As a further aid to cleaning and to
eliminate areas where explosive materials and other dangerous
materials may accumulate, a curved surface should be provided
where flooring and walls meet, and Clush-type construction
"should be usp, for iall openings such as doors and windows.

e. Drains and sumpb - All drain lines handlirZ nro-
pellant or explosive wastes shall be provided with sumpE. or
basins of adequate design and capacity for the removal o-,
propellants by settling. The drains shall be free of po,.ats and
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have sufficient slope(at ieas'. one-quarter inch per foot)
to prevent settling of propellants in the drain line before
'hey reach the sump or settling basin where the propellants
are to be collected. Sumps must be dei.gned so that sus-
pended solid propellant material cannot be carried beyond
the sumps by the wash waters. The design shall allow sufficient
settling time based upon the settling rate of the material
and the usual rate of flow. The sump shall be constructed
so that the overflow will not disturb any floating solids.
The design must also permit easy removal of collected pro-
pellants, and for retention of those propellants which float
on water until they can be skimmed off. Bolted sump tanks or
other types of construction that permit the propellants to
settle in obscure or hidden spaces are prohibited.

Care must be taken to avoid the possibility of deposition
of propellants from sump effluent due to drying, temperature
changes, or interaction with other industrial contaminations.
When propellants which are appreciably soluble in water are
handled, sweeping and other dry collecting measures shall
be used to keep them out of the drainage system.

In all new construction subsequent to the date of this
manual, drains between the source of propellant and the sump
shall be troughs with rounded bottoms and with rt~movable
ventilated covers zo raciliuarje inspection for accumulation
of propellants. Waste liquids shall not be run into closed
drains and sewers. Inspections shall be made periodically
and the results kept on record. Drains and sewers containing
propellant waste materials must not be connected in a manner
to empty such wastes into the normal sewage systems.

f. Flooring shall be of non-sparking materials and
conductive when required by paragraph 4207 of reference (21).

g. Control buildings must be designed and located to
protect operators that will occupy them. Protection provided,
wall between operator and operation (operational shield), shall
be reinforced concrete not less than 12 inches thick. Concrete
and reinforcing steel shall be as shown on drawings approved
ry the Bureau of Naval Weapons. Both faces shall be reinforced
with rods at least one-half inch in diameter, spaced not more
than 12 inches on centers horizontally and vertically, inter-
locked with the footing rods, and secured to prevent overturning.
Rods on one face shall be staggered with respect to rods on the
opposite face, and should be approximately 2 inches from each
face. Concrete should have a designed compressive strength
of 2,500 psi and should meet Corps of Engineers' specifications.
Such an operational shield constitutes adequate protepti(n for
operations involving less than 15 pounds of detonable material,
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when the nearest part of the explosive is at least 3 feet
fr.m the wal. and 2 feet from the floor. A reinforced
concrete wall 30 inches thick is satisfactory for protection
against the effects of up to 50 pounds of a massed quantity
of explosive or detonable propellant. Wh•en protection is
required against up to 70 pounds of massed explosive or pro-
pellant, 36 inches of reinforced concrete is required. The
adequacy of these operational shields, including thickness,
size, fastening, and location should be proved by actual test
with a minimum safety factor of 25 percent above the maximum
charge before its use is permitted in regular operations.
Subterranean control shelters should be used for protection
of operators concerned with over 70 pounds of explosive or
detonable propellant. A concrete top with interlocking
reinforcing roas or other suitable protection cover installed
over the heads of operators for protection from missiles is
recommended. The mass of explosive or detonable propellant
must be placed so that its long dimension ic perpendi'cular
to the shielding wall, at least 3 feet from the wall, and
2 feet from the floor. Operations and control shelter must
be separated as required by intraline table of distances,
Table 7.11, ref. 2i: If view of remotely controlled operation
is required, indireý,', means such as television should be used.

Electrical Equipmen_

(a) The type and installation of' electrical equipment
and wiring shall comply with the provisions of the National
Electrical Code as modified herein.

(b) Electric motors, wiring, lighting fixtures, and
other electrical devices should not be located in rooms or
buildings containing dust from propellantflammable vapors,
or coulbustible dusts which may form explosive or flammable
mixtures with air. When, for practical reasons, such in-
stallations are necessary, the equipment or devicc must be
approved for use in "lasses I or II hazardous locations and
shall be dual rated if both hazards exist. If dual rated
equipment is not obtainable and the hazard of one type of
air contaminant is greater than the other, equipment approved
for tne more hazardous conditions should be used.

(c) When it is necessary to inotall lighting fixtures
that are approved for use in Classes I and/or II hazardous
locations, lamps which raise the temperatures of exposed
surfaces above 2280 F shall not be used.
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(d) These provisions s'iall not preclude the installation
qnd use of electrical grounding circuiti and static grow-ids
in propellants operating buildings.

Ventilation

(a) Adequate ventilation shall be provided for operations
involving vapora or dusts which are either toxic or explosive
in nature. Wherever practicable, use should be made of systems
with intakes near the source of vapors or dusts When ceiling
exhaust is used, high. ceilings will aid in keeping the noncen-
trations of air contaminants low at normal working level.

(b) Air-conditioning and cir3ulatlng equipment shall be
designed tc prevent air containing combustible dusts from
being recirculated through the conditioning unit.

(c) Effective means should be provided at all duct
openings at hazardous locationd to prevent contamination of
the duct during periods when the fan or blower is not operating.

Automatic Deluge and Sprinkler Systems

Automatic deluge anC sprinkler systems shall be provided
in accordance with the principles of design adapted to
operational demands.

Confort-Type Heating Units

(a) Radiation is the most commonly used and preferred
means for heating explosives buildings. The most suitable
types of radiators are those with exposed radiating surfaces
in the form of S-shaped smooth pipe or fin-type radiators so
placed that they can be easily cleaned. Other type of
radiators are acceptable, but are less desirable because
of cleaning difficulties. Shielding or guarding sqhould be
used where radiating surfaces are so located and sufficiently
hot to cause personnel injuries as a result of contact. If
necessary for cleaning, shields or guards should be easily
removable.

(b) Heating pipes may be embedded in walls (except
substantial dividing walls) and rIcors. In the case of the
floor instalation, however, special care must be taken to
assure that the floor is free from cracks, crevices, and other
imperfections which will allow propellai.ts to collect around
the subsurracr piping. In addition, consideration must be
given to the design and operation of tlhe system to assure
that cracIs, crevices, and other imperfections will not
develop during operation as a result c. expansion and con-
traction. 69e
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(c) Convection heating may be used, provided motors
are approved for use in both Class I and Class II ha.ardous
loc~tions and fans are constructed of nonsparking material.

Grounding

Manufacturing equipment and conductive flooring shall be
grounded in compliance with Chapter 42 of reference (21).

Lightning Protection

Lightning protection shall be provided in accordance
with Chapter 41 of reference (21).

Operational Shields

(a) Operational shields, constructed as specified above,
shall be utilized for the protection of employees, material,
and equipment. Design of these shields snall be based on
potential hazards involved. The shields as specitied are
mandatory if detonable propellants are involved. The
specifications should serve as guides in the design of
operational shields taiat are to provide protection from other
types of hazards (e.g., fire, rupi.ure of pressure vessels,
and high-velocity high-temperature gas streams).

(b) The design of operational shields shall take into
account the quantity of propellant involved, confinement that
may be present, and the potential initiation hazard involved.
Hazards that may be encountered in the processing of propellants
include:

(1) Detonation of propellant.

(2) Fires involving unconfined propellant.

(3) Pressure failure of a vessel or case resulting
in fragmentatIon (heavy wall cases, especially those of mild
steel construction and operated at high pressure, can produce
fragments of high energy that constitute a major hazard).

(4) Pressure failure if a vessel or case which
results in no fragmentation (light wall motor cases constructed
of aluminum or high-stressed steel are examples of vessels
likely to produce this type of hazard).

(5) High velocity, high temperature gas streams
(ignition of restrained composite propellant filled motors,
with or without nozzles, and similar semi-confinement vesaels
are likely to produce this type of hazard).
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(6) Motors, with or without nozzles, that are
not adequately tied down may take flight upon Ignition.

(c) In the absence of reliable data, the adequacy of an
operational shield shall be proved by actual tests before its
use is permitted. Results of such tests shall be made known
to the Bureau of Naval Weapons.

(d) In designing operational shields, special attention
shall be given to provision of means for adequate venting,
based on the rate of hot-gas evolution in the event of an
accidental ignition.

Establishment Layout

(a) Composite propellant manufacturing and motor loading
operations shall be performed in a special area that is
separated from all other areas and the boundary of the
establishment by inhabited building distances, given in
Tables 7.9 and 7.10, reference (21).

(I) Consistent with safety and efficiency, individual
hazardous operations shall be separated from each other and
r.-om all operations which are not hazardous. Where oper-
ationally feasible, intraline distance separation, Table 7.11,
reference (21), should be provided. When more than one
hazardous operation is performed in a single building, maximum
possible use should be made of substantial dividing walls and
operational shields for separating the operations.

(c) Individual explosive buildings within a composite
propellant operating line shall be separated from each other
and from buildings not containing propellants (within the same
operating line) by appropriate intraline distances. Except
for service magazines and curing facilities, adjacent buildings
housing explosives operations of different degrees of hazard
must be separated by the distance required for protection
against the most severe hazard. Service magazines and curing
facilities must be separated from the individual operating
buildings they serve by intraline distance, based on the
quantity of explosives in the service magazines and curing
facilities. Nonexplosives facilities (e.g., paint and solvert
storage buildings) serving a single operating building may be
located at lesP than intraline distance but not less than
100 feet from the operating building.

(d) Adjacent operating lines producing the same pro-
pellant must be separated by intraline distance specified in
reference (2i).
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(e) Batch mixing operations must be performed in
builhings used exclusively for that purpose. Small mixers may
be located in buildings containing other operatior-, provided
the mixer is in a separate bay with operational shields pro-
tecting all other operations from the mixing operation.

(f) In planning the location of new facilities that are
intended for class 2B materials, due consideration should be
given to the poesibility that Class 9 explosives umy be processed
in future operations.

Explosives Hazard Classification

(a) Prior to use in propellant manufacturing processes,
efforts must oe made to determine the hazardous chemical
and physical properties of individual raw materials and all
compositions.

(b) The explosives hazard classifications assigned by
this paragraph are applicable to operations involving fuels
frout which explosives are excluded, and oxidizers which
produce propellant compositions that are not detonated in the
following tests. Both cured and uncured propellant must be
used in tests to determine their letonability. Confinement
must be provided by placing the propellant in 8-inch schedule
40 pipe or a container of equal or greater diameter and com-
parable strength. The pipe or other container must be at
least four diameters long (i.e., at least 32 inches long)
and must have one end capped or welded to a metal base. The
following initiators must be used for the tests:

Uncured Propellant

(a) Engineers' Speciai Blasting Cap with 30 grams of
tetryl

(b) Squib and 2 ounces of black powder

Cured Propellant

(a) Engineers' Special Blasting Cap with 30 grams of
tetryl only. The initiator must be placed one diameter above
the base of the container, equidistant from the sides of the
container. 'Suitable means must be provided for determination
of reaction of the propellant to the initiators. Each type
of test must be performed at least five times.
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(c) If detonation or deflagration-to-detonation tests
kb) above, .-eveal that the uncured propellant is detonable,
casting and curing operations involving the propellant must
be considered Class 9 explosives hazards. If detonation tests
reveal that cured propellant is detonable, casting, uuring,
and all subsequent operations must be considered Class 9
explosives hazards.

(d) When warheads containing high explosives are
assembled to rockets or missiles with motors containing
propellant, tests must be conducted to determine the possible
contribution of the propellant (expressed in terms of quantity
of explosive required to produce same effects) to an explosion
involving the warheads. Quantity-distances are based on the
quantity of exrpostve in the warhead plus the explosive
eqtivalent of the motor. Full scale tests are required.

(e) When warheads containing high explosives are
assmbled to rockets or missiles with motors containing
ClaL-s 9 propellant, quantity-distances are based on thn
comb!, ed weight of explosives in the warheads and the motors.

Oxidizer Procing*

(a) General

(1) Safety regulations frr the safe handling of
oxidizing materials as given in Chapter 33, reference (21),
must apply.

(2) Contamination should be avoided. Time of
exposure, temperature, and moisture are factors that determine
the permissible location or degree of use of metals and
chemicals that can sensitize the oxidizer.

(3) Beoause of the danger of contamination of
oxidizers all operators must be shielded from screening,
blending, grinding, and mechanized drying operations by a
12-inch reinforced concrete wall or equivalent.

(4) Closed systems should be used where possible ti
eliminate dust and contamination from outside sources.

(5) Flexible connections (socks) in pipes or duct
systems through which oxidizer materials are conveyed, should
be fabricated of fire-retardant materials that are chemically

Cf. prior discussion of oxidizing materials on page 36
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compatible with the oxidizers to which they will be exposed.
The 1ipes or duct systems shall be made electrically continuous.
Flanged pipe connections shall be used in lieu of threaded
Joints wherever practicable.

(b) Drying of oxidizing agents

(1) The maximum safe temperature for drying each
material s'-l1 be established and shall not be exceeded at
any point in the drying apparatus or drying room.

(2) If the dryer is c;apable of attaining temperatures
that exceed the maxlmum safe temperature for the material being
.rieu, dual thermostatic controls must be used to prevent
the established maximum temperature from being exceeded.
Temperatures trest be recorded. If non-recording-type thermo-
meters are used, readings should be taken at regular intervals
and a record of such readings should be made. Thermometers
should be so placed that the maximum temperature in the drying
room or dyiing apparatus will be indicated.

(3) Dust formation or accumulation must be eliminatea.

(c) screening

When screening is performed for process purposes,
screening equii;:ent shall bp construcfed to prevent the
oxidizer material from being subjectec' to pinching, friction,
or impact as a result -lf metal-to-metal contact. Rooms in
which screening units are operated shall be thoroughly cleaned
daily, or more often as necessary, to eliminate hazardous
accumulations of dust.

(d) Blending of Oxidizers

If analyses indicate that gases are released during
blending of oxidizer batches, a suitable means of relieving
pressure shall be designed into the bledder to prevent Yupture.

(e) Grinding of Oxidizers

(1) When impact-type mills are used, sufficient
clearance shall be maintained between stationary and moving
parts to prevent metal-to-metal contact. Clearances shall
be checked as frequently as iiecessary to assure continuing
adequacy, but not less than once daily.

(2) Oxidizer material shall be passed through a
screen and magnetic separator for removal of extraneous
materials. The screen and separator should be located tn the
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intake of the grinder or pulverizer. Screen openings should
")e the smallest that permit free flow of the oxidizee.

Preparation of Fuel Compositions

(a) The design of equipment and methods of handling shall
minimize the formation and accumulation of dust. If the
material being processed is toxic or flammable, adequate
exhaust ventilation and perk.onal protective equipment shall
be utilized.

(b) Compatibility of materials shall be established
and controls shall be incorporated to preclude the mixing
of materials at a time or in a maxner that would result
in sensitive compositions or hazardous conditions prior to
process requirements.

Mixing of Fuel Compositions and Oxidizers (Batch Method)

(a) Mixing operations shall be remotely controlled.
Operators shall be provided adequate protection against a
potential explosion of the toýal quantity of materials being
mixed. Not more than one production size mixer shall be
located in a single building unless protective construction
will assure that an explosion in one mixer will not damage
other mixers.

(b) Oxidizer material must be introduced into the
mixer in a manner that will minimize the formacion of dust
and static electricity.

(c) Effective means must be provided for preventing
extraneous materialz from entering mixers. When oy reason
of size, shape, process requirement3, and the like, it is not
possible to screen dry solids before they are charged into
the mixer, and introdiuction in a slurry form is impossible,
an inspection technique must be developed to prevent extraneous
materials from entering the mixer. Consideration must be
given to such devices as magnetic separators, fluoroscopes,
and X-ray.

(d) Blades and other moving parts of new mixers must
be iqrefully inspected ("Magnaflux", X-ray, etc.) for cracks,
crevices, and other imptrfections before being put into
operation and periodically thereafter. Below clearances
between agitator blades and mixer bowls must be determined
frequently enough to assure continuing adequacy, but not less
than once daily. A record must be maintained of mixer blade
adjustments and evidences of damage to mixer blades and bowls.
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(e) When consistent with proct:sa -uirements, a non-
combustible cover muut be placed over the mixer bowl after
charging oper'tlions are completed, to prevent the accidental
introductJo.: -. ý foreign object tnto the mixer. This cover may
be lightweig., metal or screen with mesh no greater than the
minimum clearances of the mixer blades. The cover must be so
secured to the mixer housing that gases or vapors evolved
during the mixing operation will not be confined and that
exhaust will be aiforded in the event of fire in the mixer.
Hoppers and other means for charging mixers must not add
to the confinement that is inherent in the design of the
mixers.

(f) Spilling or splashing of propellant during discharge
of mixers must be avoided.

(g) Only non-sparking devices may be used to scrape
down the sides and blades of mixers. Positive controls must
be established to prevent these and other devices from being
accidentally introduced into the mixer.

(h) Means shall be provided for effective removal of
toxic and flammable vapors, gases, fumes, and dusts from
the mixing room.

Inspection must follow immediately aftor occurrenee of any
event which could cause cracks, a wri.tten record of
inspection must be made and preserved.

(i) Operators --̀all be so stationed during discharge
operations that direct, unblocked routes of rapid exit will
exist for emergency use.

(j) Electric service to propellant mixers must be
interlocked with fire protection system controla (i.e.,
heat actuated devices or electronic controls) to prevent
operation of the mixer when the fire protection system i,
inoperative.

(%) Nuts and bolts on mixers, monorail systems, or in
other locations that may loosen and fall uito a mixer must
be drilled and thonged or otherwise rffe-tively secured to
prevent such an occurrence.

(1) Uniforms of operat -s must comply wtith the require-
ment of Chapter 43 of reference (21). Objectz such as Jewelry,
pens, pencils, coins, and rings that m'y cccidentally be
introduced into mixers must not be r:-nnitted in the building.
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Casting Composite rropellant

(a) Cast.:ig vessels under pressure will be capable of
withstanding at least twice the maximum allowable working
pressure to which they are subjected. Periodic hydrostatic
tests of such casting vessels must be performed at maximum
intervals of 3 months. Hydrostatic tests must be made also
after any alteration to the casting vessels. A log of tests
performed must be maintained for each vessel. Similar tests
must be made of vessels which are evacuated in use.

(b) Casting vessel assemblies must be designed without
internal cracks, crevices, corners, and pockets and any
internal mating configurations which could cause propellant
in a thin film to be pinched or rubbed.

(c) Lids must be secured to pressurized casting vessels
in such a manner that they will withstand the rated pressures
of the vessels. Frequent tests must be made to assure that
the locking device is funct~oning properly.

(d) Line pressure for pressurizing the casting vessel
must not exceed the working pressure of the vessel. Filtere
must be installed in gas lines to remove water and oil.

(e) A blowout disk (designed to blowout at 120 percent
of the vessel's maximum allowable working pressure but not
more than 150 psig) must be provided. The dosign must take
into account the potential rapid rise of pressure within the
vesae! due to ignition of the propellant.

(f) Means must be provided for preventing movement
of tne casting vessel when rupture of the blowout disk occurs.

(g) Valves through which uncured propellant flows must
be des:,'gned to prevent propellant from being eompressed between
two metal surfaces (e.g., rubber diaphragm-type valves). These
valves shall be cleaned and inspected at regular intervals
suitable to the process and a log of these inspections must
be maintained.

(h) When casting is performed by pump, rupture sections
n.ast be installed both at the inlet and discharge sides of
the pump. These rupture sections must be designed to relieve
pressures in case of fire in the pump.
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(i) When mandirels are inserted mechanically, the
equir'ient must be designed to prevent metal-to-metal contact
between the mandrel and the motor case below the propellant
surface.

(1) When pump. •-re used, adequate protection must be
provided for the workers engaged in operations at the
propellant casting station. If the transfer vessel and
pump art at the propellant casting station, casting must
be performed remotely with operators suitably protected from
the expoaure.

Propellant Curing

(a) The safe temperature for curing the propellant must
be established, and dual heat controls must be installed to
prevent that temperature from being exceeded.

(b) Heating units or elements must be designed to eliminate
any direct contact between the heating unit or element and the
propellant.

(c) Loaded motor cases or casting molds must be handled
or secured so that overturning will be prevented.

(d) Means of pressure relief must be provided on closed
pressurized vessels into which motors are placed for curing.

(e) Mold supports and other casting and curing fixtures
should be designed to avoid rubbing or pinching of thin layers
of propellant between metal surfaces.

(f) Yoaded or partially loaded rocket motors must be
raised or suspended at minimum distances above floor level.
If tests or experience indicate that rocket motors may ignite
upon dropping, protective measures must be employed to prevent
ignition.

Motor Finishing and Assembly

Detonable Rrokellants and motors containing detonable
tropellants may only be machined by remote control.

(a) Securtng Motors

When operations are performed on cured propellant
contained in pressure vessels or rocket motor cases and there
is a possibility of ignition, the vessel should be secured in
fixtures capable of withstanding the rated thrust of the
assembly (based on its performance as a rcket motor) with a
safety factor of 2.5 to offset shock 7.oads.
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(b) Threads

(1) Where the desigr of n mntor case incorporates
internal threads, means must be provided for preventing
contamination of the threads with propellant.

(2) Whenever possible, the design of casting and
curing assemblies and fixtures must exclude internal threads,
cracks, and crevices where propellant way be deposited.

(3) All threads must be cleaned and inspected
prior to assembly of component parts.

( 4 ) Assembly of threaded components should be
accomplished by remote control wioh operators protected by
adequate shielding if a possibility of propellant contamination
exists.

(c) Mandrel Remopal

As a minimum, freeing of the mandrel must be a remote
control ope,.ation with operators provided protection from a
potential incident involving the motor.

(d) Machining of Case-Bonded Propellant

(1) Case-bonded composite propellant may be out-
drilled, or otheewise machined in a vertical or horizontal
position. The most desirable position from both the
operational and safety viewpoint must be determined locally.

(2) Design of the machining area and equipment
must take into account the severe hazards of finely divided
propellant, must provide adequate protection for operators,
and be capable of minimizing damage in event of an incident.
Finely divided propellant and propellant dust should be
removed by means of a vacuum collection system, preferably
of the wet type, with the intake point as close as possible
to the cutter blade.

(3) Machining equipment must be designed to
prevent contact of cutting tools or blades with motor cases
and other metal objects, to eliminate the generation of
excessive heat, to facilitate removal of dust and chips,
and to afford personnel protection. Design points to be
considered in attaining these criteria include: configui-ation
or tool, lineal and rotational speed of tool. tool metal, rate
of tool feed, aligi•ment of tool, control devices, power
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source, maintenance or replacement of tools, safe and effective
coolants, and dust and chip removal. The characteristics of
individual pioellants to be machined must be considered in
machine design because of differences in their physical
properties and initiating characteristics (e.g., propellant
exhibiting elastic nroperties may require greater rotational
speeds and rates of feed than brittle material).

(4) When exhaust systems are used for removal of
dust and chips, they must comply with requirements of vclume
2 of reference (21). Waste products may be removed by immersion
in a stream of water flowing away from the operation and
collected at a point outside the operating room or cubicle.
If the design of the motor or grain or the need to reclaim
the propellant waste preclude the use of either of theue mnihods,
waste products may be -ollected in a dry state at the operation.
The quantity of waste collected at the operation (when added
to that qv.antity in processed and unprocessed motors in the
machining room or cubicle) must not exceed the total weight of
propellant in the maximum number of unprocessed motors permitted
in the room or cubicle.

(5) Operator and mate~'ial limits for machining rooms
and cubicles must be determined in accordance with the principles

outlined as follow.'s:

The cardinal principle to be observed in any location
or operation involving explosives, amniunition, .evere fire
hazards, or toxic materials is to limit the exposure of a
minimum number of persons for a minimum time, to a minimum
amount of the hazardous material consistent with safe and
efficient operations. All operations must be scrutinized to
devise methods for reducing the number of people exposed, the
time of exposure, or the quantity of material subject to a
single incident. Determination of operator limits requires
that, first, jobs not necessary to a particular hazardous
operation not be accomplished there; second, unnecessary
workers not be permitted to visit the location; and third,
too many consecutive operations not be permitted in the same
room or building without adequate dividing walls, fire walls,
or operational shields, depending upon the nature of the hazard.
Personal limits must allow for necessary supervision and
transientc. Key employees should be appointed as monitors to
aosist in enforcirn the established limits.

Determination of limits for hazardous materials requires
a careful analysis of all facts including operation timing,
transportation methods, size of the items, and the chemical
and physical characteristics of the material. More strict
limits are required for the more sensitive or more tazardoUu
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materials. Limits must be established for each operation
rather than on an overall basis so that each worker may be
Qharged with the responsibility of not exceeding the established
limit. Limits need not be expressed in units of weight or in
the number of items as such. They may be given in terms of
trays, boxes, racks, or any other unit which may be more
easily observed and controlled. Explosive limits should not
be established on the basis of the maximum quantity of explosives
allowable, as defined by the existing quantity-distance separation
to neArby exposures, when lesser quantities of explosives will
suffice for the operations.

All roomz, cubicles, and buildings containing hazardous
materials mnst have posted in a conspicuous place a placard
stating the maximum amount of the material and the maximum
number of workers and transients permitted in the room at any
one time. In addition, other placards must be posted to set
forth important local regulations as needed. Workers and
materials limits and the placards must be kept current. The
supervisor, foreman or worker-in-charge must prevent accumula-
tions of excess materials, and when found, any excess should
be removed immediately. Likewise, proper steps should be taken
to have excess people, when found, leave the premises. The
people and quantity limits for bu•-d•n•-g r process divisions
must be recorded on a plant layout and maintained on file.

(6) Drilling of rejected motors for the purpose of
reclaiming the propellant or motor case must be performed
in an .tsolated location. Operators must be protected by
operational shields and/or distance.

(e) Machining Non-Case-Bonded kropellant Grains

(1) Propellant grains that are not case-bonded
should be machined to the extent necessary before they are
loaded into motors.

(2) Insofar as they are applicable, the requirements
in (d) above for machining case-bonded propellant also must
be met when machining composite propellant grains that are
iot case-bonded.

(f) Igniter Insertion

(1) The following requirements apply where the deeign
of a motor makes it necessary to insert the igniter within the
manufacturing line:

(a) The supply of igniters at the insertion
station must be the minimum consistent with safe and efficient
operation.
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(b) If removal of the shorting clip is required
by the process, the igniter must remain shorted until irmueediately
prior to insertion.

(c) Process storage facilities that arn vented
to the atmosphere and designed to withstand tie effects of an
incident involving all igniters therein should be provided.

(d) Means must be provided for grounding operators
for dissipation of static electric charges during igniter
insertion.

(2) Electrical continuity tests for igniters that are
in motors must not be performed in the propellant manufacturing
and motor loading line. Such tests mist be performed in a
separate facility, by remote control, with the operator pro-
vided protection from a potential incident involving the motor.

(g) Materials Handling

(1) If loaded motors containing cores must be moved,
the core and motor caze must be supported by or suspended from
a common source or in some manner locked or tied together to
prevent independent movement of either.

(2) A comprehensive preventive-maintefance program
must be instituted for equipment used to move motors loaded
with composite propellants.

(h) Disansembly

Disassembly operations involvirg • •nziles and
fixtures that have internal threads, cra-Ks, a• crevices where
propellant may be deposited must be performed by remote control,
with operators protected by adequate shielding

(i) Painting and Marking

Spray painting operations must comply with the require-
ments of volume 2 of reference (21).

(J) Reworkin_

(a) Loaded components disassembly operations rmust be
separated from other operations. Common facilities may be
used for assembly and disassembly cperations, provided the
operations are not performed at the same time.

(b) Reworking of defective loaded components must be
accomplished only by properly trained operators under the
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direction of supervisors who are fully aware of the hazards
involved in both assembly and disassembly operations.

(c) Operators must be suitably protected during
disassembly operations involving the removal of pyrotechnic-
type igniters.

(k) Collection and Disposal of Hazardous Waste Materials

(a) Waste collection and di-posal activities must
be closely supervised and prescribed by standard operating
procedures.

(b) Waste materials must be removed at regular and
frequent intervals from all operatirp areas. Cured propellant
scrap should be kept under water and should not be allowed to
accumulate in quantity at operations.

(c) Separate, properly labeled containers should be
used for the different types of waste encountered (e.g., com-
bustible waste, waste propellant, waste oxidizer, and oily rags).

(d) Waste material disposal must be in accordance
with requirements of Part IV of reference (21).

(1) Protective Clothing and Equipment

(a) Employees whose clothing may uecme contaminated
with oxidizer or propellant must wear clean garments. Clothing
must be changed as often as is necessary for safety. Garments
must be made of tightly woven smooth fabrics treated with
fire-resistive chemicals, must be equipped with non-metallic
fasteners, and must be easily removable. Pockets, if any,
must be of skeleton-type and trousers must be without cuffs.
Silk, wool, rayon, or other materials known to produce static
electric charges should not be worn. Personal hygiene should
be encouraged. Persons exposed to flammable or toxic materials
should be required to take a shower at the end of each shift.

(b) Employees should be inspected when leaving the
cnange house or prior to entering the work areas In order to
be certain that each person who enters a hazardous area is
properly clothed and wearing suitable footwear.

(c) Persons regularly employed in propellant
operating buildings must wear non-sparking footwear. All
persons entering areas in which conductive flooring is installed
shou!A be equipped with conductive safety shoes meeting the
requirements of Chapter 43 of reference (21).

698



NOLTR 61-138

(d) Persoyuo employed in dusty atmosphere6 must be
prov4 ded with and required to wear respirators of a type
approved by the U. S. Bureau of Mines for use under specific
existing conditions. The dust concentration, expressed in
milligrams per cubic meter of air, must determine the
necessity for ruch equipment.

(e) Flarne-proof head coverings should be worn where
tnere is a concentration of oxidizer dust.

(m) Maintenance

Proper maintenance on a regularly scheduled basis is
essential to safe operations. Regula- schedules for checking,
adjusting, and repairing operating equipment muast be established.
Only trained and competent operators shall adjust, clean, an-
repair propellant operating equipment.
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MhIA report ve written in ccinplJ~arce wl ki, a jrea.Lmut frarz the Bureau of
Naval Weapons for textual materia-L zor aJ nv3•x&i to b: used in conaection
with all kinds of work witn high energy v'at.r.L.La; explosives, rlyrotechnicep
propellantb and related -nateri&iB from t•e firat small scale laboratory
eOxerizints through the first stAgs Lf production. Alternately, the report,
Itself, may be used as a mav, ul.

The vo'.-k ~o done under the Burewz of ietvai. Weapons tax mmmber R1UNE-!-OOO/
212-1/F008-l0-004, problcm assigrnmet -,mber 012, Study of Ilosives
Fropeetles.

In addition to the !NaveL Ordinance 1Lboratory, four other Naval activititi
-de rontributions on assigned toplcs:. the Nayl AmmAniticn Depot, Crazme,
Ind.; the NUval Orhlijnce Test Station. (hina 1ALk, Cal.- the Naval Propellant
Plant, Indian Read . Md., an;' the Nava. Weapons Station, Yorktown, Va. Part
of the texts of these contr but ions have beer incorporatel. Nearly all the
contribted material which was not so used w" inttegrated throu~iout the
report. In the latter cases it is L.o.-actical to identify san to Indicate
each specific ctedit. These contributions were defizitell helpful whether
used intact or thraýout the text. All contributions were gratefuly
received.

The assistance of privatc i'4Auntrial eat.abli st= nts was solicited. These
orgaiizations, most4 DewArmen',E* Dv-feas contractors, were asked to
furnish t.heir safety ixroair, or sfety instruc•ions issued in other forms
such as letters, meoranda, or operating procedures. The following wde
contribuations in response to the t-quests.

AeroJet- General Carporation
Amcel Prqpulsion, incoiorat'-d

Caliery Cheoical Cowpea
E.I. du Pont de Nkmcu.-, & Caipany

flercules Powder Cospeuy
Holston D-fernac Corporation
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Olin Mathieson ChzAmic-tLU Corporutinn
?htil-s~ Pet.rc].c'.n4 Ccn~pazy

Ho...etAtyne, lz~cupot-ated
Thiokci Chzlce,! Cozporatioa

Wyanidotte Chemical Corporation
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EXPWOS2VFS, PROPELUJ1MTS AN•D PYROTECHNIC SAFETY COVERING
LABORATOP", PIT/F PLArr', AID PRODUCTION OPFMtMIONS

IfrODJUClION

T hIs report is being written to -apply rompleý.e general instructions
for bafe operations with high energy compounds, explosive or propellant,
from very small laboratory preparation through full scale production for
use. While both industry and the U.S. government have been the source of
many publications cn explosivee safety, none of these have been uniquely
4ev'rote to the sequence of operations required to develop new compounds
!_ra new campositionn through manufacture for production.

The conclusion that there is a need for such a treatise on safety
in the later stages of development of h)h energy coapounds and
compositions, may be developed by another reasoning process. The
research worker who acccepliahes the initial synthesis of a high energy
compound or initial high e~ergy compositions will achieve safety by
operations with very small quantities. This small scale operation vir
be repeated. Since the operation is with mall quantities, perfect
.rotection by retwe control or shieldiag can be established. There is
no specific experience to guide the experimenter to assurnnce of safety
in these initial axperimnenta.

The initial sml scale experiments will be repeated unt~l a
sufficient amount of material has been obtaind. and used for preliminary
testing and evaluation. The information gained by the&L. experiments mak,
justify recommdation of a larger scale evaluation. 'e experience
gained in these initial experiments must be used to insure the asfety
of those undertaking more advanced work. In case the work with larger
quantitie- of the exp.rlwentel high energy suhstances is undertaken by
persons who have not done the initial small scale experimental work,
complete kncvwlwige of the first experience must be acauired. In other
worda those who undertake large acale work must be advised and required
to learn ALL the experiencc obtainwd in ALL earlier work. There is no
doubt that a considerable reduction of accidents and incidents woul
result if all workers with explosives and propellants were to follow
*osolutel- the admonition of the previous sentence. Reference (1) seems
to support this conclusion by the statant therein that the major causes
or explosive acilent3 in research, deielopment, test, and evaluation
work are: improper or inadequate oporating procedures or processes;
failure to observe regulatiors; or failure to understand hazards.

Tha FlRST A17T of those who increase the scale of any of the
following operations beyond a-ea11, scase laboratory exptriments,
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ATM BE TO MONA EVE-R• •ING KNOWN Ab THE FUIt UUM,
CHDICAL, TMER .tN!I&MIONW. AND ALL FfWERIaEN OF PRIIOR WO1WER.

1. Laboratory preparation of high energy compounds and ccapostions.

. Laboratory preparation of pyrotechnics and .ncendiaries.

3. Pilot (semti-orks) mazafvAure.

4. Pilot (sem•i-works) loading.

5. Production manufacture.

The increase in scale may be made by the identical workers vi, did the
first small scalb work. The scale may be increased by others at the same
establishment. In this case those who undertake any of the operations
enumerated above can very conveniently consult those who have the pertinent
experience. They can be consulted as often as may be necessary.

The procedures prescribed herein are to be followed when any of the

above operations are concerned with any of the followIng

1. Initiators or primary explosiwvs.

2. Boosters.

3. High (aeconarr) explosives.

4, Propellant..

5. Pyrotechnics and incendiaries.

6. High energy intermediates.

The vod explosives, the expression high energy nastArials, or obvious
equivalents thereof used herein, will be understood to include all or any
of the list imedintely preceding.

While the admonition to ob;ain aLl pertinent pri..r experience before
underta': ing •si•lar operations will uzually be in contemplatlon of larger
scale operations, 'Zia is not always zrue. New operations with c,=pounds
or compositions which are not new may be concerned with equal or smaller
quantities than those of prior operations. Even though the scale of
operation is not increaed or is decreased those yho have not previouslX
worked with the chomAn or comosition must learn about all the public
publiahed information, clsscified informatIon, and unrelorted or PrivateLy
record exper.lental exerience.

2



NOIIER 6".-3

The previourly obtained experience and knowledge may not oe
.ICJ..A.C I.1 at 4 .0.L4.bA.UA add.,- %A.V 40=0*'S is -- be _W"-M.1

the uoik was done at another Naval or Department of Defence installation,
it w!il be necesseary to obtain all the experience tLW. reports fi.-m thr
c ker lnt.AfO-aton.n- Tn!A shryuld be done by study of reports first and
then &!=)a.t always it vill be ne:eary to confer at least once with the
preivics -workers. Such conferences among other details, may elicit news
P.bout incidents that were harmless but which under other circumstances,
may not be harmless and may cause personal or property ý Aage. 3ch
incidents should be thoroughl ilvyest1gated and all det-Lls reported fully.

Knowledge of British or Canadian experience can be obtairnea from
their reports or through their service missions In Washington, D.C.

If prior work was done in a U.S. GCverent installation but the
experimenters have left Civil Service they may be employed on govervuent
sponasored research at a private establishment. In this case it should not
be diffivult to arrange confercnce time with the scientist or engineer
whose experience is needed. Furthermore, private emyloyers car. usually
be expected to cooperate fully in allowing their employees to give the
government the benefit of their experience. This cooperation may be had
without pay but arrangements can be made for govermint reimbursement,
if required.

In summary, knowledge of previous experience with high energy
campounds or systems can be obtained under anM conceivable circumstances.
In most cases such information is essential to safety of operations on
a larger scale. Therefore, it in stjogly recaended that Dilot plant
employees seek information and counsel All= the laboratory or verson,

7ires.nective of employment or location, havin knowledge of the manufactre
of the high energy material in question.

It in also strongly recc=e@ded that the user seek info ationfr
the laboratory or person, irrespective of aiployment or location, having
detailed knowledge of t+he properties of the high energy material in
question.

The c"kract.erioti•s of intermediate qa j of ay srnthesis
m nt be k.omm..t.ood a 1ter iatem be more le.kelt to be_
dLngerous than Lhe Prd',; . -%rtermor,, cncditlona duri an synthesi
are more favorable to violent reaction o• ev exnloLsion than the
coniitions after the synthesised cgoMSW, has been isolated as a pure
explosive.
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In mmuution, thep; a~vices require all workera X.~ ibeeg
f,%mmrs and campositions1 'to leaarn .a undi-rstanMd the ixuerience of
all those who have axy kzaovNe of the c camosition, or procesa
involved. Furthermore, if possible, a damonstration of syalhesis or
pr 5ess b experienced person or persons should be arranged. Such
des_=atrations will c Aplemnt the information fr= persons and reports.
Following the demonstration by experienced pmrsons a rehetrsal with inert
materials should be carried out by those "&o *i-.]. increase the scale of
operations and, if they *re inexperienced with the specific c•omon or
operation, even if the scale is not increased.

So far on2.y very general admonitions have beea given. The considerable
awant of detailed information about laboratory, pilot plant, and plant
hazards have not been mentioned. More detailed statements of safety
principles, personal responsibility for safe operation, and explanation of
origins of hazards are given in the followi.g +Oxt. These nearly all
involve chemcals or chemistry because the Lazards of work with pyrotechuics,
propellants, and explosives are caused by chemicals and their chemistry.

Section 10 of reference (2) is highly recoumended as & comprehens.&Ye
source of information about the hazards of 9000 chemicals or compositions.
The bibliography of Section 10 is given herein as Supplement A for the
convenience of tte user of this publication. it should be noted that

Those who Intend to undertake the production of an explosive or
other hi&h energy compound or composition are most emphatically urged to
collect records of all the experience concerning the compo:zds or
ccmoseition to be produced. Now those who wish to inwAre that a group
or sequence of acts are performd without omissicn rake use of check lists.
Therefore, in order to insure that all sources of Information and
experience about high energy compowns or compositions aw consulted, a
check list should be made. A specimen check list is included as
Su~pp" t B. However, each activity Is advised to prepare their own list
for their specific situation.

First i-s on the list should 'je the ohe nsaAi pr'erties oA
the conpoun or composition to be produced. In fact, the thermodyna.c
properties will indicate whether or not the cqpund is a potential
mxplosive. Any co•pound or coposition which is capable of a spontaneoUS

*Hlgi energy compounds and ccopositions are to be understood, ay readers
of this report, to "be compounds or compositions which will release more
than about 803 c,]1ories per gram by burning or explosion.
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change vitbr the Pva-lluftior of aIarsle amount ,7f ltiat is potentially
e7plosive and fholiiuA lt: LLet -plO-iv a Uf. . -
detonation i-d formation ari free energy of foxrnation are useful as
st=aLardc for u•-r whether a - oux11 or composition may explode.

!ice ita nxe visl n fb ce () Žr.ghPA

Heats of for-matlov given in the literature are conventioral!y marked
posiLive if heat is requirpi to form them from the elements and negative
if heat is lost to the surrcundings during formation fz= their elements.
For example, acetylene contains more energy than the cerbon and hydrogen
required to synthesize it. To synthesize 26 unit weights of a'etylene
requires 24 unit weights of carbon and 2 unit weights of hydrogen. The
he-at content of elements, carbon and hydrogen is coivvntion-ily zero. The
heat content of 26 unit weights of acetylena is ý4.19 kilocalories. There-
fore, the heat of formation, designated Hf, is +54.19 kilocalories. This
heat energy nay be obtained by decoqosition of acetylene and can be
released explosively under favorable circumatances. Considerable additional
energy can be ob Ldned by oxidation of the carbon and hydroen so released.
The algebrai , sm of the energies fron the two soArces is the heat of

cambustlon. The heat of combustion of acetylene is 31-2 ki2ocalories per
26 grams. The reverse of the conventional use of signs, as stated in the
firat sentence of this .aa- aph, is soaetimes followed. Therefore, the
reader is advised to make sure which sign is used to designate ebsorption
or evaluation of heat duzirg formation of any compound from its elements.

If heats of combustion or formation are not available in the
literature these may be calculated from bond energies. These calculations
are not difficult. They are discuased and exaqles of -alculations given
in refere.nce (7).

The collection of thermodynamic information *will be a part of the
c-croehensive survey of literature information about the specific explosive
compound or ccmposition. Literature surveys must be camprehensive in both
time any space. The sources of literature of various nations have been
ccllected and described in reference (9) which is truly a guide to the
literaturm. 'There are "everal classes of literature that must be searched
if one is to be sure of finding all the public literature. Undoubtably,
the most comprehensive cource is Clemical Abstract which was first

*A.jpd ir, 1007 1Rtarmina with Q(X)T mrhada htq 'Mn -n n1arod on
colete inclusions of The 4u.-Y.'s chemical literature. Searching
Chemical Abstract-s can be done expediously because of the wathor and
subject indices whLih have been published anmnlly and decennially.
British Chemical Abstracts, established in 1926, is another abstract
joaurna in English. ChemIsches Zentralblatt, established i1- 1830, is
valuable because of its early ap-,pearance. Zentralblatt was spelled
Ceatralblatt from 1856-1897. In 1919, the abstract section of
Angewandte 'hemie. '4s merged with Chemische Zentralblatt. The reader
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is v•ged to consult reference (9) for a more cmrpiete description of
these abstract journals sad their scope. hany uther gtnere.i ,zi;2.,!
specific abstract Journais are listed andt described in reference (9).

5ie abstcrawt ijiuruai&s -yU-Mills&M 05-or ofo~e
While abstractor. endeavor to include all informatio -_. abstr-acts
they write, it is ine-vitable tht condewation results in anigsion.
"ere-fore. finding the abstrapct is a gtep in fir.Ang the urig•nal a nocmeat,
Uich should be procured for stidV. Abstracts Journals, such as Chemical
Abstracts, endeavor to include all abstracts of chemical articles, books,
an& patents. The Chemical Abstracts Service palishes, quinquennially
a list of all catis ich have been ar. -_e bei•,g _ tmted. 'Me
most recent list was ismaed in December 1956. Therefore, it in expected
that a revised list will a&pear late in 1961.

It should not be assumed that failure to mention hazards connected
with the synthesis or production of any ccmpound or cumposition mea.-s that
there ree no hazards connected with the synthesis or prordlctionm_ of -*n-
high energy ccmwpc%= or compositicn. Production on a smanl scale or in
dilute solution may not have been dangerous. Also, workers may not have
appreciated the danirs. For these reasons and others, warnings were~tti -r= th -1".-•-----c-st . --- erefore-&1 1 workern with h1h eoerr
cumomida areematical warned against c1lalsanie based on absence
of Manin& nublIcatimr.

The older piblications shculd not be neglected. Compounds or
coopc•itions may be thougbt to be now because no work with them h&3 been
done for maW yeara. Memorial des Poulres, which was estab) ished 1882,
is one of the few journals devoted to high energy material. Another ia
Zeitschrift fur dab gesamte Schleas, uin &p gstoffwesan (1906-19(4).
This has been continued under another name, Sprengtechnlik (1952).
RPfft-ncos (10) and (J1l) aex terts on iet e"arlier literature on expliosives.

Those iho propose to mix chemicals in order to obtain high enorgy
compositions should learn about the chemical reactivity of each chemical .

w',.O,,A bveine th 'Xitraturee to find reactions vtich z occur Li
tne proposed compooaL~iu ouý ruayO 5ai-rg~ga;t s imilax re--ttcims vhich mny
occur. ho purpose of this literature search mry be made clearer by an
e-rerm. e at nc he LOplosive ?zrcarah Lab- tc,•, vf ÷he .. Division 8
during W II. The inclumaZo or leai peroxide in TIt charges fZo depth
c.h'ggo had been suggcsted in order to make the depth charges sink farter
and to obtaim other improvemnts. The stability of the compositioxs ar4
compatibility of lead dkioxde and T NT - Investigated by heat'ng one-h•lf
to 2.5 gram sampleu for 5 hours at 1350C. The reeiltvq of these tests
indicated compatibility and stabillty. Msearcl work wu contlznad,
therefore, until arrangeents were made to load a depth charge at the



%val Mine Depot at Yorktown, Virginia. On the day before this cast
loading, Me Investigetor u tne ML deciduc tWo . aruothe " 3A.-2 gr^
batch of the ccmposition. This one Ignited ilile being melted on the
steam bath. It vas admltted, with considerable embarrassment, that lead

There are three lessons to be learned from this incident. First,
thaz no stabilit- test ahoul4 be relied upon until 'he Identity of the
dec%.qposition products has been established and that they can be detected
oy the stabilUity test. Correlation with other tests sucL as explosion
t.mearature and temperature of slower decomposition should be established.
A test which would rerspon to gaseous acidic or reducing products was used
to test the lead dioxide-THT cxposition. Absence of these specific
eompounds as deccmposition products did not prove stability as was assumed.
Second, stability tests of a few grems of raterial cannot be applied
reliably to quantities cf over 100 grams. Third, had the person who
suggested the inclusion of lead dioxide been * ,r-ohjl familiar with the
chemistry of lead dioxide he wuul not h1ae suggested uzi.c it with an
organic explobive such as TNT. 7he rtactions of lead dioxide as described
In a treatise on inorganic chemistry such as either references (13) and (14),
indicate zeear3y, that lead dioxide is capable of Igniting and ox.Idzing
S.... •less.e.' of auwpniy.An at +t 'an tu~res slbtl.y abow mbient The

conditions urider which these reactions take place are sufficient reasons to
expect the lead dioxide-TMT combination to have very poor stab.tJity.
Reference To source books should be made before suggesting or accepting
new ca•positions. Furtermore, even though one believes himself to be
thoroughly familiar with the chemicals in question he should review their
chemistry before undertaking work with them or compositi.ons containing them.

The information sources mentioned above and others suested in
reference (9) cgn be expected to furnish a&l of the public information
about hi& ener*7 compounds or to indicate where such information may be
fowxl.

Much, awi. in some cases, &11 the in:ýozmation about high energy
materials is classified, available only in Department of Defense Libraries
and in possession of Departent of Defense facilities. Probably the moot
extoslive collections of classified information are at the Naval Ordnance
Lehoratory (WO), Picatinny Arsenal, the brean of Naval Weapons Libbrary,
the Armed Forcea Technice± information Agency (ANZIA, anl the 3o012
Pxopellant Information Agency (S'IA). Reference (12) contaIns infoumtion
abont the organic explosives reported before 1944, Miis compilatioa was
recently declassified and is nov freely available from the Library of
CMgress (photocopy or microfilm). A specimen check list for literature
search is givon as 8upp1n.mt B.

.7
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it is our experience tha-t the safet--consciouaness of most new
technical employees nee--s ro fle i_.-lo, c.. -,e Is comonp i-ce to fi in many
ah.=AI of fe÷1 4m. i'. t.. 4 n m,,' Da e1, Dressio,3 as "s,-J+- e

bound to happen". All theea, are in our Judgment simp4 rstionalizrations for

by specific carelessness or ;-or Jud.&Mnt on the psrt of someone.

This guide to safety in research and pilot-plant worK is Dased on
the premise that eacd individuAl worker must be the ma•Jr factor in his
own safety mal that of his neighbors. The intrineLoc he.zarra of research
are manifold. In this guide wri have compiled as general background the
experience of thousands of man-years, particular5.y with reference to less
obvious hazorxia. We expect e'mry worker to be thororghly faniiiar with
this tr.bJect-matter, and to make daily use of it. It is also import•-nt
to remember that even this vast amount of experience may still not include
a&1 sitaati on~ It Is, and will continue to be, essentially evolutionary
ratAer ihaz havine finality and absolute completeness.

&YperA39Mr

Respousibility for safety followis the line organization. Each
jjV!ii w i to~ &-1 iri~tCl~enm, turn hialon~*t Trmkylt -'sR 1 5h4kki

reponaiible for fre•dom from injuries to himself and a!Q those who rekart
to him. Safety responsibility can-.aot be delegated. This mean~s that a
superior is not exonerated from responsibility oc the basis of poor
judgwnt, carelessness, or disregard of instructims on the pert of a
subordinate. Each superior =mat feel that it is up to him to insure that
his men are educatcd and super"Ased on safety. He must sifIutaneously
prcnote safety by persuasion and by force of authority.

The function of safety cmi.ttues is prinari]y suggestive, adv-sory
and iaspirmtional. A&31 'ie -uv±unL-iiY is dIrectly in t4 lIne
organization. No action or inaction on the part. of any camaittee is to
be construed as relieving any line worker from direct Personal responsibility
for safety.

MAN".YTORY SAFETY RMIS

Tho- roUowing 3&iiety nulles muist be roiiLoved In aJJ lato.ýatorf aw
seiz! -works areas.-

1., an prot~a jor.r.c ar-e strlci.A. forbiaiern.

- Anp-ofll . ty I iamtacies are the minimum e)e protectir-
required in all laboratory and semi-vorks areas. Observe this aile
y(,urseLf wi-l Insist thec others in your area also observe it,

........ .
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3. Do not eat, dr' 0k, or brin6 food into laboratory, semi-worl3

or L 't'WE~ ,wIIere CI~jl r-1--; - hazriled or stored.

4. Observe rigour'ously tJ1P no-,•aao-_intl '.es of any a ýea in whichI

5. Observe all warning signs in the area. In case of Fpecial
hazoxs, be certain thaT adequate warniizg Esi•n• are In place.

6. Avoid unnecessarily distracting the rittention of or startling
anj person engaged. in laboratory work, especially hazardous laboratory
work.

7. Iabtw.-aory work out,'.de of reg"iar worsing hours, without having
a second person VU•in hearing distance is prohabited.

B. Access to erdts, safety shoverb, extin-aishers, and controls
mist be kept clear at all timzs.

2:OWRAMI GUIDIMG Pl%---*IJirS FOR SAFE WORK

The followina _eneral principles of safety are to bue obserW.d by all.
In contrast with those of the foregoing section, which mist be followed
literally, most of these require exercise o£ gm4 ludgment in their
interpretation and application. Any obvious -glect of or seeming
Ind' ference to thest principles will be construed as a major performanee
deficiency of an emloyee.

1. Familiarize yciurseli with the contents of this safety manual.
Be purt.cularly certain that you have read and understood the section
applying to any nev work which you are undertaking.

2. Know the locat on and use of all emergency equipnent in your

3. Familiarize yourself with the types of protective avices which
a re available for vrok under speC•A.L hazards. Make use of tho tropriate
ones in each case. -J- - -...... .A ~ .n~4.

'4. xmini~A.LA 3IAUL a =. -0- .. .Orl .lv comito at

all times, Point out and have corrected ',tams of poor haasekeeping outside
of ycrar uwn area.

5., Be alert to unsafe condition. -4 esptcially to unz-.te actions.
Call attention to these coiditiona am tions lmmediately and remiedy at
once. if possible.

I

S--""U
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0. Aini to avc~d1 ergenciea by ca-reful thought and -planning of ;four
work. This planning in]vef ~tPs tv yau p:-.' oefie- in
c2ake an. tme~rp.tn, doezs occur.

7. AntIc~iption of possible hazears dependis to a large eyctent uxonI

-xrnri~enced in the field

8.- R~emain z.ut sf the area or a tire or persoial injury '±nie~a y~ia
cc~n takoe an active Dar-t ln meeting thc em~ergerivy. Vkeep other curioua
byB iwAaers out as 1well.

9. Think, art, axii talk "Safety" until it becomnes your best habit.

10. Familiarize yourself with, and abide by, all applicable safety
rules or areas other than your own to vhich y~r work may take you. When
entering a strange area, make yourself known to the indiividual in charge
of that area.,

1-. Repo~rt all personal injuries and fires prceiptly.

Althughthi iviajCGw~o~lPACF HAUMIS
Altoug ths mnua isaimd pimai.4at safety in Abe laboratory,

pilot Dztsdprodaaotiozi areas, it is to be rwmelta -~re
can san do occur outelds thase areas. It !.a equally Important to practice
safety in offices, in balls, or .,tairways,, and in other places where our
dlaily acti-rities msW take us. Hare safety is largely a matter of c~on
sense, and requires little if aW epecial knowladge. What it does require
is a constant avareness of the comon every day hazards4 to which we mli
may be exposed. The most camon of these arm the, hazzards of tripping,
falling, bv'nping into protruding objects, or being struck by movingfl tuijjctG.

Fortunately, once we have truly acquired the habit of safety-miftd-
ress, it will sitcmaticadLy gov~ern our actions %&erever we MAY b3. Most
of the safety Jpraxctices that ve follow routinely at work cau be applied
equ.a2.ly we-"' off the plant. An off-plant injury can be pal-nil, ccstly
wZ~ inconvenient not only to the ind!Lv4-Aual Vat* also to his family. Our
beat protection is to be sincerely seafety-mnixAed. at all times.

SAZE117 BWUMAFtgA

W!-list here for reference various types of safety eq~uipment which
may be rrocured arZ ,;sed by the irxli,;iuai. workers. Mazy 01' these it~am
are a) no mentioned in other sections of thin manual, but for the smi." of

miei~cý P note ir this section in a very brief wasy the primary
Purpoee of each.
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Ee e Pad 'ce Protect!on

Protection of the eves and face is necea&ryv •henee•er there is ,%
possibility of injwu.y frcm liquid. .pl.a&hes or flying pairticles. Goggles
must lie carried in all Semi-Works operstting areas. Safety spectacles
must "e worn in all researen laboratory areaA and Semi-Works oyeratlqn awnas,

My ri.,ectiort is of P .asaat 'InmkOt".-C in th"c Prog.-t_ f'

two reasons: (i) the en is ire aceabe. And () the eye, far more
than MX other body area, is susceptible to serious injury by relativeLy

&U . gaounts of chemital, fying prtncles, heat or radiation.

"I Protection is rec•zule in all hazardous research and semi-wo
areas. This applies to all personnel, including superviision, clerical and
stenograp)lic help, Janitor'q, craftsmen, and visitors. Eye protection is
also required in certain hazardous plant areas.

Hazwado Ir~ug include any loCpjlion where chemlca. * mech.;ial, or
Ranul work is in progress or where chemicais sre stored or handled. The
principal hazardous areas are provideeL vith "eye hazardous awea" signs
to serve as remirners, particulArly to those not familiar with the area.
Since eye hazards may also be present. in unposted areas, coustant vigilance
is required. In case of doubt, eye protection should be worn until
supervision can be constilted.

In many cases office desks are located in or near hazardous areas.
Eye protection is required at such desks unless they are separated from
the hazardous area by a partition at least 7 feet high. It is recognized
that chances of eye injury are much lees at a desk than at a laboratory
bench. However, the risk that does exist, together wita the likellhood
that a person vill neglect to put on spectacles when he leaves his desk,
is the basis for requiring eye protection in unprotected desk areas.

Minimum allo•ambe eye protection for eAloyees is pricrded, by safety
spectacles, ihich have hardened lenaess., This applies to all employees
whether they normaly work in a safety spe-ctacle area or !.re Just viiiting
such an area., Such spectacles, whether plain or prescription, are furnished
and, if necessary, are fitted by an optician to insure maxi=m= coafort.

Thec haxdened glass lenses of ss-fety n-pe,:ta, 're ser .@-inly 1r-Onod
!yj scratc1hing. C0."- .h"cuA be us, i, hIn 'Ka n ipect~A'es in order to

avoid scratching. They should be kept in ctscs Ontn not in use. Safety
spectacIles wIth scratched lenses should not be worn; they should be replaceu
pro•ltly.

2|



MiAum -, .bl~e e e protetion for visitors is prcv.,iVed ty

plastic spectacleu of approved &a-sign. in er•em -.&ere emr.loyees are
.equ!_red to carr-y- or wear gogglea, visitors are a-Lo requix-ed to do so.

Safety epectacle;; provide only the minimum eye protecti.on; they are
a no ti-- to De c one ide cud repl~aCemarts, for g~-t-13 .atA..Mh a-_ ree ,',.

protection igainst splashing liqaids, fumes, dusts, flames, or particles
approaching from the soine. It is the o.---= Ubioity vf aupery•-vi, to
determine when gaggles or other protective devices are required. WeWcuing
goggles, glase blower's spectacles, face shielld, wi other devices are
available for specific jobs. A face shield is not an acceptable substitute
for goggles for eye protection. Adequate eye protection =-st be worn in
addition to the face shield.

Reasirato-_ Protec.ion

Respiratory protecl ion is needed whenever the atmoslinere to
contmnnated vith noxious gas fumes or dust, or In case of oxygen
deficiency. The correct type of equipment mist be chosen for eacn Lype
of erosmure

Pocket-Type Respirator (Gaafoe)*

It is for protection against low concentrations of acid gases ad
organic vapors including chlorine but excluding RCN. It is for use only
where there is no rn deficiency.

C•a•iter-Type Gas Mask

These masks arc for ust only where there is no oxygen deficiency and
where the mazim gm a coacentration encountered is about 2%. They should
not be depended i-"nn for exposures longer than about five minutes, which
would norma.lly be time enough to escape frca the contaminated area or tu
carry out a quick rescue opera&ion. The conastar should be replaced after
v..ach such use. When such a mask is nse& for occasional exposure to very
low concentrations of gas, a regular replacement schedule Whotald be set up
based on Uha frequency and "everlty of ýAzvosure.

GMD* canister (green) for amonia.

(MQ* canister (white with green etripes on bottam) equipped wvih
COW*M half-mask face piece for HC1,.

*4i•,.e Safety Appliance Ccmpany's designations a&ad apecifications of
capabilities may be found in that Caipany e publications,

13
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CRA* canister (blaek) for organic vapoxt, aal vzn.

a4C* canister (yellow) for organic vapors ard ecid gases exci:4t MI;N.

.v~m ~ ~L% ~&U A.L Wa ,&_L ga~arM &JL&..L L46 "..CL UWL&AIJS

or in conmbination. Tfhis canister is used -whe;.' nature, of possible gas
risk is variablc.

Chemcw* Oxygen Breathing Apnaratua

This type of mask gives comilate respiratory protection against all
gases and fumes for a period of 4 5 minutes but afforde no protection
against poisoning by absorption through the skin.

FIght-Minte O•y6en Demand Maska

Suitable for Jobs of short duration or for escape.

Dust Resirator

These are general purpose respirators and shouIA be used for:

Nuisance dust - £fu example, coal, ashes, cement, sawdust, charcoal,
carbon.

IL~-•aging dust - for example, quartz, asoestos, sand.

Toxic dust - for exa.-ple, arsenic, barium, chrumium, copper, lead,
manganese.

In addition to the general-purpose respirators, there are sace that
are destgred for specific purposes, such as spray painting in opcn spaces
vil4i or-gania solvents and thinners.

A respirator, to give adequate protection, must be properly fitted 7o
each individual-. Respiratora fitted to one perbon sh.aold nct be wurn by
another.

Specii'ic canisters should be selected in advance and made available
at the site where they may be needed

*WLne Safety ApI2.icance Company's designations "nd specifications of
capabilities nay be found in that Ccuiax"'s publications.



Protection for , Sk S-in PcA v

9.- o•, i.c e'ilupment is designed to protect uie persun and his
clothing "rcnm d&mge •li/or injurlis resulting from splashes and spills of
enemizieala excessive heat and falling objlects. Its use is dependent upon
the hazards which exist. However, protection needed 'rou-tA be defined and

A_ ron and Flsme-Resistant Coats

Detailed regulations for use should be esteblished.

^-I-Loves

Asbestos - Used in handling very hot objecte. Care must be
exercised in their use since asbestos gloves can become hot enough on the
ou-.s!aAe to inflict severe barns without the knowledge of t.e wezrer.

Leather - Used f.'or protection against cixts when working with
glass.

Rubber - Used when handling or working with corrosive chemicals.

cotton-Canvas - For general light-duty use.

Mitts (Moleskin) - A heavy duty glove for vwrk where wear =ad
tear or heat is encountered.

.Sxcial Purpose Gloves - Used in handling organic solvents an-A
chlorinated h•drocarbons.

Safety Shoes

They axe entirely suitable for general purpose wear, and their use is
highly recomended and in some places obligatory. They prevent physical
foot injurie5. They ray also have low electrical resistance and thereby
furniah a path whereby static a&.entrical charges may flow harmlessly to
ground. See reference (21) for more details.

Hard hats must be worn by t l empl(roees when work is being done
above them and theze is no intervening solid f1rnr protection, and in all
other designated areas. These hats also protect against bumping into

n1plnrg ýr other obtr-ictionf.



Protective Skin Creams

Prote.-tive skin creams ame us•ed to protect the bh-.n -"d other
exposed areas from grime, grease, or paint. Beby oil or an industrial

or eqaivalent at the end of each day keeng the skin in go•d condition,
especially when the person has been handling solvents which remove tav
nataral oils.

SAFE DESIGN OF EAL BLIES

It is suggested that the following outline be used in planning and
installing all laboratory assemblies of various kinds for c"rrying ou
research investigations.

1. Think out the Droblem. as to Its objective, scope and limItations.
"Size of operation should aeneraol.y be hela to a miniu•., because hazards
usually increase with scale of operation.

2. Disc the Problem with other persons wto may be familiar with
operation and the hazards involved no matter where he may be employed.

3. Decide on location. Factors uhich may affect the specific
location are: need for protection because of toxicity, explosiv, properties,
flammability, or pressure Involved; need for standard or special utilities;
size of operation; and other work being done in the areas under coinsideration.
Locate the equipment so that egress frum the area vill be unobstructed.

4. Plan the set-up. Design it as simply as possible to fulfill the
objective. Consideration should be given during design to these factors:

(a) Hazarde involved such as release of toxic, flam~ble or
corrosive materials, etc.

(b) Need for equipment such as pressure releases, guards,
screens, sple•e-. -ns, fire-filghting equivment, signs, etc., to protect
operators or your unit and personnel and equipment in the area.

(c) Accessibility of controls(not obstructed by guards, screens,

hot pipes or apparatus).

(d) Materials of construction.

(e) Adequate supports to avoid vibration, strains on glassware,
etc.
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5. Ag-semle the 2aratu. Observc the usual prevautions i:n handlirg
gluasvare. Use proper too!", in g&od conivxtion, including ladders. Provide
m.pports ea -reg"red Prote,'t otheor workers and apparxatn in the a=.a.

r* PA~iA +hA IAVMl~P+AAii AtAl1l4tinin 6ri+,h t.ho mirm r'inor in, o'harabeof

the work. Consiler Lie advisability of having the seL-vp inspected. Make
tests and/or dunmmy runs, if ionsidered advisable because the set-up is
la'nuffua* ur CplicaLAEMI, 04' '"' :w P iL.Cipleb- awr --- WLý i _. -1---

introduce hazards.

7 Familiarize personnel operatInM the equi-tnent with the set-up
and the reasons for the safety precautions involved. Warn persons working
in the immediate vicinity about the potential hazards of the operation.

8. Re'riew the installation -Aen changes in scale or method of
oper.tion are contemplated to insure that the essentials of safety and
simplicity e.re preserved.

9. Mink through the dismantlinm procedure and make sure all
hazardous chemicals are properly disposed of and &1! pieces of equipment
are carefully depressurized.

Glasvare Hazards

7he misuse of iabor--tory geassware can rpsult in painful injury.
,uch injuries can be prevented by careful handling.

Choice of Glass

Hard glass (lPyrex, Vycor, or Kimex) is usually beat suited for
general lahoratory aMplication.

Inspection of Glassware Before Use

Glass strength is directly related to the ccodition of the glass
surface. Glassware that is cracked or scverely scratched should not be
used.

Other hazards for which glassware ahould be inbipected aefore use are
pyiiholes, bhfw edlp , paper-thin areas, badly fit£tin joint' or plugs,
and darngeruas contamination.

Dwmaged or defective glassware shaUld be repaired ixiediately or
discarded. The glass blower'E advice should be followed if there is any
queation in this regaxi. Never ask the glass blower to repair dirty
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H1aEQýla~ .b oatorj 1y Gasware

Olaszs TubinM ani Glass R~ods

Imial-bore tubing w rods up 4- 20 Dlu. -h

single trhnsveree scratch with a sharp, flat mill file or equivalent
cutting device at the point of the desired break. The tubLg or rod
shrAUI be grasped firmly so that the scratch is between the hands an
opposite the thumbs. Bend the tubing or rod at the scratch to create
tension on the scratched side, and at the same time, pull the hands aptrt.
With glass rod or tubing too short to allow a firm grasp, extend the
sepent on each side of the scratch Mth metal or hard plastic tubing.
Two cork borers of the proper size will usual. serve this purpose.

If over 20 am. in diameter, or if the tube or rod is connected to a
fixed object, thus limiting the pulling possibilities, the glass should
be scratched as outlined above, touched %..th a &hite-hot piece of glass
rod at the center of the scratch and immedlatoly wetted with water. Mie
larger diemete: tubes and rods are more conveniently cut by application of
a hot-wire technique. Consult a glass blower before attempting use of this
method, if possible.

Fire Dolish or grind the 8harM edges of aLL glass e fore use.

Connectins to Rubber or Plastics

When glass tubing, rods or thermometers are inserted in holes in
stoppers, rubber tubing or plastic tubing, there is danger of the glass
breaking to leave sharp jsgged edges idich may inflict severe cuts. It is
often good Judgment to wear leather gloves. The Ifollowing precautions are
reconended:

1. DO VOT ThlY TO FORC AX GAMSS TUM•.! OR T THROM
All OPENlM.

2. When inserting any type of glass equilment in cork or rubber
stuoppers: hold the stopper firmly with thumb and forefinger, keeping the
palm of the hand away from the opposite face of the stopper. eirmLy grasp
the glass as close as possible to the stopper and insert with a series of
tvists, pressing gently with eac, tu•ist. The use of a lubricant Such as
water, glycerol, silicone stopcock grease or powdered graphite is
reccmnended.

3. Whre convenient, use the stronger heavy-wall, hard-glass tubing
in sizes of 15 mm. or lower, which is now available.
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4. in ca3e:;h.r glaz ;az. iE! irz n I uebber or Pjicas!~ic
a.nd salvzag~i of th'(- ec~i-pri~t is Ljizatcut tac rate-r-'al .,wty frcen. the
glass .

Grouxnd-Gls.-s Toints, Stopcocs •elnd Glass Sto•_r,.

Groauwd-glass eonnections should be clean and lubricated to make them
liquid- and vapor-tight and to prevent "freezing"., Sp-ing devices &Ct-
available for hol'-ig ground-glass Joints together. Stcpcocks Bhould be
secured with -Landard stopcock ":ctainer5.

Sometine. frozen ground-glass connections cer be freed by application
of hot water or hot air to the outside srface a:4 zently forcing Obile
wearing gloves. Where permissible, an open flame mae be applied to the
outside surface. Frozen stopcocks may be freed by means of a. mechanical
opener. In extreme cases the glass blower should be consulted. When the
eAp•eint is not in use, a piece of pawer ahowi be inserted between the
surfaces of the joint.

Test Tubes, Flasks and Beakers

The limited strength of glass should be xept in mind whca corks andL
stoppers are inserted in the mouths o" iLet tubes mad fla""s a "A vhcn
heavy beakers and flasks are lifted or supported. Uniform heating to
avoid thermal strains and cracking becomes important as beaker or flask
size increases above 1 liter; bath or electrical heating is preferable Go
use of a direct flame.

Fnymical E-alosion Hazards

Physical explosions in the laboratory are usually due to failure of
glass vessels wAder presmire. It is not safe to use glass for operations
in which a d•izerenCe bet*tu "erLA) aiend internal pressure my bo
developed unless adequate precautions are taken against the hazards of
flying glass.

SeaJled. Re&ent Bottlas

Long-stemmed bottles each as those sometimes used for packaging
bromznnc sha,_d be chi1lld thoroughly,. except for the stem, in an ice bath.
A scratch is made near the top of the exposed stem, using a sharp file.
Generally, a sharp tap will cause the tip to break off, In resealing, the
bottle is kept cold as above and the neck heated by means of a hand tcrch,
pul~ed out, and sealed.. This should normally be done by the glass blower.ý
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Containers ifc.r iL• Ice

lcy I or ----u-i; bel-7w rocn, - ,ei-tre - o' s-
be placed in a container provided with a tight-fittirz closure unless tna
con; .•cr !z dvzii:.ed to hitxtand the pressures that will be developed.

Con+aiaers stored for extendea periods over dry ice tend to absorb
considerable caxr'on dioxide Ghrough cork btowpers or around Zia=s or
loosely fitting rubber setpars. When such containers are removed from
cold storage and allowed to warm rapidly to roan temperpture, the carbon
dioxide they contain has been !,nown to develop sufficient pressuze to
burst the container with explosive violence. The stoppers uf containerz
removed fr'm any cold stcrvcg should be loosened at once sufficiently to
permit rel.tase of r..essure which mignt develop during w-arning.

Vaci.uxr. En ipmernt

The ?hazads of laboratory operations under vacuum are similar to
those of above-atnospheric pressure work, although in general less severe.
Accidents In this type of work are most ccaconly caused by the collapse
(impiosion) of glass equipment, which may carde injury from flying glass
ard from hit or corrosive materials contained in the col.apsesd vessel.
Inward leakage of incompatible materials, e .g., of air into hot combustible
vapors or of water into concentrated sulf-uric acid, may also be a hazard
urder eame conditions. This leakage typs of hazard is not, of course,

P: 1 , C& t o g......pp atu

Iabcratory equipment designed for vse urnder vacuum is usual.l.y
symmetrical in form with surfaces corvex outward. This provides maximum
strength against pressure from the outside. Examples of this type of
construction are: balloon flasks, vacuum receivers, tubing. When flat
surfnc•, or lrregular forms are .ecessary, e.g., in filter flasks and
va.mum desiccators, the needed strength is prov••ded by thickenina the walls.
Thin-walled vessels with flat surfaces, e.g., Erlenmeyer flasks, beakers,
volumetric flasks, French square bottles, are verr likely to collapse
under vacuum. L.arge bottles are also sub.lecc to collapse even though
made or heavy glass'. Sealea .vacuum units auch as Dewar flasks and vacuum-
.Acketed rectifying columns provide a special case, since they are wuder
vacuum am all times, even when rot in use. Regardless of design, glass
equipment under vacuum shou2lA alwaV-o be regarded as potentialy, hazardous.
Scratches or flaws in the glassweie, mechanical shock or sudden changes
in tewpcrature will in'rease the chance of cos lapse.

As in all hazardous operations, •hought and care should be taken
to p:ovlde protection against tUe worst occurrence that can be visualized.
The aoJ..jw-ng .re ,ore of the mcear available for -uch protection:
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1. S.-fety spectacles will protect the eyes againmt flying glass
frcm directly in front of the operator, but will ,uot provide &.equate
protection against liquids. Goggles should be wor- vhen -forking -. t1•h vny
ey..irritant or hot liquids under vaccum.

0. Safety shields will protect against an LiVlosion to the extent
that t+hey can be placed in direct line between the apparatus and the
operator.

3. When the size, shape or location of the apparatus prevents the
effective use of shields, other means of protection, such as .'in with
an azbestos blanket, surroundixng with wire screening, or coating with
plastics, may be used. Portable pieces of vacuum apparatus such as Dewar
vessels and vacuum desiccators should always be protected with permanent
metal casings.

4. Be sure that the valves leadinG to the source 1f vacuum are open
before applying heat to an apparatus which is believed tc be under vacuum.

It sh-cald be kept in mind that the pressure differenc ýs obtained with
a water 22M or a stream aspirator are nearly as great ar. esseutially as
haza•do•s as Dressure differences obtained with an oil or mercury vapor

Electrical Hazards

The following specific items are offered as a guide to the
responsibilities of the laboratory personnel in avolding e.,.ectrical
hazards:

1. Inspect all electrical equipment prior to use for damage and
i .,aicao.' zoirt=-e-,zontamination. If there is ary qyestion as to the

reliability or safety of the unit, do not put it in operation until it
has been checked and approved.

2. New electri^.].l equipment must be inspected by a competent
inspector.

3. 'hen electrical equipment is moved to a new location, make sure
the circuit provided can carry the adlitlo.al load.

4. MIkeshift connections between non-mating plugs are positively
forbidden.
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"5. Some specialized equ±pment, for example, oscillographs and
czx-tain ve.wi- tube volt meters, must not be mechanically grounded as ii3
st-d :q, -. t.. - . ein th" plant. Whe.m this iz the ,case, the
equipment should be so marked and special care exercised in its use.

6. Only approved explosion--.oof electrica: equipment is permiLted
in hazardous areas. This shoWA De checked before ordering or insta -"ing
rew equipnm-nt, Make sure that all electrical equipment including
instruments meets the areL requirements. In laboratory hoods or on
laboratory benches where lamables are being handled, use caution with
open electrical equipment such as stirrer motors and heater thermostats.

7. All cases of electric shock must be reported at once to
supervision, ard the equipment fron which the shock %as obtained must
be checled and repaired before further use.

8. It is dangerous to permit body rontact, with ar r
.o l because the voltage my be higher than .t is supposed to be.
RPaember that erntact with as little as twenty volts may result in loss
of muacular control, anm there are many fatalitii• each year tLrough
contact with the standard 10-volt household power supply.

9. G3as-Col heatIN mantles should be used with eea-e. They are
not "liquid-proof". When vwser or other conductive liquid is sp!lled on
c -ntle which is connected to a source of current, anyone touching the
i& antle or associated metal equipment may receive a serious electrical
shock. The shock hazard can be minimized as far as associated metal
equipment is concerned by fastening the ground clip from the mantle cord
to tUe metal equipment in contact vitl. the mantle. This applies also
to metal equipment heated with glass heating tapes. However, there is
mo v•- to roun the mantle itself, so if a mantle becomes wet ii should
,a3 Aiszonnec.ted wn ned ri'.ie9e4 vnttl it has dried thoroughlyv.

10. Static charges may develop thivugh motion of solids, liquids,
and gases. It is important that static hazards involved in the handling
of ri le materials in experimental work be given careful considerutin.
Btaudard antistatic equipment as sta.tic dissipating belts, drxm fittings

vith Srounding clamps and grounded steam hoses are provided and 3houlA
be used .a&re needed.

PCIAL HAZARDS8 OF LAME SCAM OPERATIOhS

The hazards of larger-scale equripuent are principally those of
semi-works or pilot-plant insta lations. Ito.e inlusive term semi-works
implies faci.ities %hich are between the largest laboratory seal (as
5-10 1-alico.n size) a.,A. ec.•xwrclal scale equipmnt. Also, the tear
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embraces operation3 froiu a single process step, as practiced in unit
operation studies, to a completely integrated pilot-plant inetallation of
sufficient size to demuunstrate ftn over-all process and to develop twhe
necessary inrormation and uata l±or the .cuaer. -:i.a1L p.-z.nt.

bemi-vor~s research uaxiesC over frcr. 1_`- Idcrtoryt-1 most of' t~ht-
hazards inherent Ln the chemistry of the process, und, in some cases,
magnifies them. For example, a rapid exothermb. reaction mas be ca-ried
out on a laboratory scale without ary apparent control problem, but when
the reaction is scaled up 100 or more times, the removal of large quantities
of heat presents a problem for safe and effective operation. Before a new
chemical processing operation is carried out on a semi-works scale, the
important -Pjlsical and Chemical properties of the materials involved muss,
be i•own so that the potential operating hazards can be anticipated and
equimment and facilities provided to operate safely.

The same engineering standards used in the design and selection of
plant-scale equipment saould be applied 6o 'nstallations in Semi-Wor.±s
areas.

Iarger-scale research equipment is constructed usually of me+al
rather than glass used for smaller scale work because of the greater beat
cuzuutiJivity of m=tale. Since opaque materials are used the physical
state of the materials in process cannot be observed. Glass equipment
mutt not be used unless it has been designed specifically for the application.
To indicate the conditionn existing in a processing system at all times and
to give advance warning of approaching hazardous conditions, sizht glasses,
measuring instruments, control appartus, vllef devices aid other "tell-
tole" systems must be provided. From a safety viewpoint, reliance on mace-
shift and untried me.asarls r and control devices must be avoiUed.

In addition to the foregoiiz general policies to be followed in the
planning and opratloi; of =-rze-scale e ouipment, the following rules and
practices must be observed in programs involving semi-works scale equipmenT.

1. A comprehensive flow sheet must be prepared as the initial step,

shoving individual pieces or equiument, piping and vulve arrangement,
conditions of pressure, tempertuw.e atnd materitl flmrs, and elevation of
essential pieces o0 equipment. The flow sheet mus-t be checkea by Ithe sroup
lea•i," and supervisor in charge of the project.

2. Detailed plans for connecting semi-works equipment to plant
utilities, other ".han for normal heating and coolinv, ,ust be cleared with
Vie plant engineer to insure against some faulty operation affecting a
utility service wnich might result in serioub dumage to a vital plant
facility.
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3. Newly fabricatea or purchased units, incluing all safety
devices, must be tested vor tightness and mechanical defects prior to
installation. Also, used equipment must be inspected, serviced and tested
as appears necessary to insure safe operation.

4 . Detailed operating and safety instructions, including a simple
description of the process, concise operatln6 instructions and emergency
shut-dovn procedures, must be prepared before processing activities are
started. A clear flow sheet of the installation aust accampn-ky the
operuting instructions, and the main pieces of equipment mhould be marxed
to permit a direct reference in the operating directions. All recognized
hazards must be listed as a preface to the operating details, and the
precautions to be observed must be clearly stated. If special emergency
action is indicated, periodic practice drills must be indicated, including
the use ox application of emergency equipment.

5. Before starting any operation on a semi-vorks installation, ;•.

inspectLion must be made by a committoe to check safety Wr• engineering
standards. This inspection will include a meeting preceding the plant
inspection to review the flow sheet and operating instructions. The
members;hip of the committee shoui be se.lected fron different plant groups
familiar with the safety standards for large-scale c;peretion. As a
general rule, the committee should consist of a representative of the plant
safety group, the research supervisor in charge, a representative of the
research laboratories and represent~tives from other appropriate plant
groups such as construction, eugineering, etc., as desemed necessary.

6. Phantom or dumy runs with pilot-plant installatior-s ---- t ba
made prior to the initial processing activities to enhance the safety of
starting up a new process. These serve as practice runs for training
operators and provide a =eans for checkin- the over-all .-?chanical
perfcr•anence and safety of the equipment urder conditions simulating

,,e5: r ri•)er-ti~nf. .

7. Regular inspection and maintenance of all apparatus having
moving parts must be practiced to prevent accidents resulting frz
mechanical failure.

8. When the use of a semi-works or pilot-plant assembly on a Given
job i terminated, the equipment must be thoroughly cleaned and checkeu
t1iroug so that it can be safely dismantled or used on another 'ob,,
Any damaged or defective equipment must be immediately repaired or scrapped.

9. No chemical processing operations are permitted on a Remi-works
scale in iilch known or suspected explosive hazards exist without (a)
wlequate controls to mr.nlnrize the possibility of an explosnrirj -'tn
(b) barricading tc protect persoruei frcri lJuf-y.
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10. Deviatli olo• rces: be-iavlor must be treated a-,. grave
warn of dacr.- �Tu..,erature either higher or lo"e. t•isn expected

v~~3a voci,.•l-u~to xss DO L_.•k.!."R!q_NC.'I

-H, , ,mw-ratino i-, i-onducrted in a 3:ei-mowrks ,z'ea that
muoe closely borleie; on laboratory scale operation thnr normal semi-works
operation. Under thin condition. the person in charge of the job should
contaeL th• prupe.L research supervisor and dgree on the safety regulations
listed abovc that may be modified or elriminated on tht. particular operation.
In case any major chasnges are subseqaently nwde in the program or equipment,
it is the responsibility of the person in charge of the job to review them
in detail wi+h the research supervisor.

FIRE PREVENTTION

Fireu acuount for e tremendous yearly toll of' injuries, loss of life
and destruction of property. They are P particularly dangerous hazaxd in
chemical plants and laboratories, so that every possible precaution muag
be taken to crevent their occurrence. Precautions may be jeneralized as
(1) control of flamea, sparks and other fire initintors, (2) safe handling
and storage of flammables and combustlbles, vA (3) good housekeeping.

Control of Fire Initiators

Observe all no-smoking rules as posted. Smoking is permitted in
offices, conference rooms and lunch roons and is ummally permitted at
the desk areas in most laboratories, but is not permissible in the bench
or working zones of laboratories. Smoking at desks in laboratories,
where this is ordinarily permissible, should be restricted by the occupants
whenever conditions dicta~e, e.g., if a&opreciable amounts of flammable
solvents are being used near the desks. Matches, cigarette butts and
pipe ashes should always be placed in ash trays and noL thrown into
waste hq•tR nr other containers.

Care should be taken to keep flames and sparks away from the vapors
of flammable solvents or gases and combustible dusts. In thin connection
it should be remembered that highl.y flammable materials such as carbon
bisulfide vapors will ignite on contact with hot steam pipes and hot
plates., Only explosion proof motors, switches, lighting fixtures,and
electrical devices should be used in the presence of flaumable vapors.
Volatile fla-i.ables should never be placed in electrically heated ovens.
Refrigerators for zlorlng flamaable materials must always be rendered
explosion-proof by removing all sources of ignitiots.

Storage oax. uue of spontaneously flammable materials, such as
ycllcw pho3phoruz, ohl ou.1 be carefully supervised and the quantity of
such materiaij ':aux,4,_id or bored &,,oul be kept to a miniLmm.. Oily rags
aend papers that may ignite spontaneoisly sh-,uld be placed in clozed'vaste

.nn-n that ,-re emptied daily.

. . .. :., . . . . . .... . . . . .



NOLTR 61-138

Care must be taken to avoid ignition of vapers or dusts by sparks
from static electricity, the collision of metal objects, and grinding
opeý.utlons. Spark-proof, plastic-ccated tools are a nrerequisite in
flammable atnosepheres.

Safe HwAlong of Flammables

.U.l combustible liquids having a flash point of 8011 or below by
the open-cur test, or having a boiling point of 300F (i150C) or below,
&re to be considered flammable. In order to reduce t•he fire and explosion
hazard associated with such liquids to a minimum, the foliowkng limits
have been established with regard to storage and bancxling in the laboratory.

1. The maximum volume of flammable liquid per laboratory chemist
shall be 6 quarts excluoive of waste solvents.

2. The maximum volume of flammable -,aste solv,:nt per Laboratory
chemist shall be 1 gallon. It must be stored in a safety can.

3. The maximum capacity glass bottle for storing flammable liquids
shall be 1 quart.

4., 1he maximum capacity metal safety can or polyethylene bottle for
storing flammable liquids shall be 1 gallon. No other type of container
having a capacity greater than I quart shall be used for storing flammable
liquids in the laboratory.

It is recognized that for purposes or economy certain laboratory

jobs will require use of more than the above maxn immounts of flammable
liquids. Exceptions to these limits must have the approval of the
research supervisor, and where use of larger amounts of flamble liquids
it permitted, special precautions must be observe!. Examples of special

c.al.tions &cc prohibItion of amokig a~utAere in *1, laborstory,
provision of extra fire extinguishers, and use of me+tAl containers under
or around large glass containers.

Flammable liquids that are not in current use or that exceed the
above limits in quantity should be stored in the areas especially equipped
for this purpose.

Steam or hot water anould be employed wherever possible for heating
flammable liquids to avoid ignition in case of spillage. wen heating
flAmmables in glazs by flame or electricity, a metal catch pan of sufficient
size to hold the cceitents of the container should be placed underneath.



WasLe flamlwd2.ez in liid form should preitruobly be collected in a
properly L,;beled safety c=n prov Ued for such use.* Fl8rmaable liquids
im•iscible with water should neve-r be run into a sWn, or sewer. Thooe
that are miscible vizt, iater may be aisposed o0 in a siWK if first m:Lxed
with enough wtýter to 4ahe them non-flammable.

Housekeeping

Uond housekeeping is an excellent fire precaution. Combustible
wastes, paper, ,arcuboard, wood, and other combustible litter should not
be allowed to accunlate.

'TOXICITY Al) SKIN HAZARDS

All chemicals should be regarded as toxic unless widespread usage
and tcxicity studies hir.ve proved them harmless under tie conditions of
handling. Tras concept Is necessitatec. by the fact that over one-half
million chemicals are described in the iiteraLure, an. only a fev of these
have been ktudied sufficiently to define their toxic properties.

There are t1ree main chcrmnels through which poisonous materials can
accidentally enter the human system..

1. Breathing into the respiratory tract in the form of dusts,

fumes, vapor, mist or gase,. (Discusaed fully in the next section).

2. Swallowing wgith food, 6r-llva or water.

3. Absorption through the skin, or entrance threigh breaks in the
skin.

Results of poisoning by any of these routes may be acute or chronic.
In 'cute oizsoning .he rcaults ' ari aaually/ raca1y appareit, L4 chois.lC
poisonin- the effp,: zs may not show up for years.

Care should be taken that toxic materials are not accidentally
inwgsted through the mouth.

Skin affections account for the largest number of occupational-

disease cases of any group of causes. Differ-nce5 ir individualS....-...t-4 44-0. t X epo aU* of this type make it very difficult to set
up standards for the safe handling of any chemical. The hands and face
should be washed frequently &hen exposed to chemical dusts or solutions.
Since mlny chemicals are readily absorbed thrcugh the skin, long contact
e-en with uose t•,emicals .-.ich are suppose'_!•• harmless should be avoided,
A change in solvent may ,ullify the protective action of skin oils and
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make even a short exposure harmful. For example, a short exposure to an
aqueous solution may be harsless vhile the same exposure to the same ea;ent
disisolved in methanol or trichloroethylene may produce a major lesion.
Protective items such as gloves, apronm, face shields, protective cresams,
eti.. sMould be worn to prevent contact with the body. Any sin of skLi
irritation should be immediately reported to the Medical Officer.

In working with chemicals of )mown huzardous type, it is wise to
consult with someone familiar with the materials or classes of materials
involved. Hazards relating to some special classes of chemicals will be
discussed in later sections of this mnual. For additional general
information, reference material in the Library should be consulted.
Pertinent sources of information are references (2), (15), (16), (17),
and (18).

Statements in these and other references on toxic limits and
precautionary procedures are suitable on~y for general or approximate
guidance. When such data are of prime Importance to the usage of handling
of Vpecific chemicals, confirmatory opinions should be obtained. Omission
of chemicals from these references should not be considered as indication
of lack of toxicity.

Hazards of Toxi; Oases

The contamination of air in working areas by any vapor, gas or dust
should be regarded as dangerous, even if concentrations are low. In most
cases the degree of contmination in air supposed to be safe for prolonged
or repeated exposure is uncertain. Inhalation of some gases will, in a
matter of seconds, cause serious injury or death, vhiJ.e In the case of
others, reaction may develop gradually over a period of years, resulting
finally in irreparable damage. Even a mild anaesthesic. or unsuspected
tntoxication may impair Judgmnt enos-'. to cause an accident.

Even though an unpleasant odor may not be evidence of tie presence
of toxic materials, it 9M be destrcti engh to be a contributor
factor in a samingly unrelated accident. any odors aem noticed, their
sourc should always be located qw.ckly and the situation corrected
immediately. The help of supervision should be enlisted to accompl:.sh
this end, if necessary.

From the standpoint of respiration, noxious mater±:•.z May be
classed as:

1. Irritants. Irritants may affect any part of the respiratcry
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system, the nose; throat, lower air passages or lutigs. Exauples are:

I.=,-.n 4 Acetic acid

Halogen acids Acetic anhydride
Sutfl.ric acid Sulfur halides
Formic acid Sulfury.l chloride
Thionyl halides Nitrogen oxides (except nitrous')
SuLuRr dioxide Phosgene
Chlorine Acrolein
Bromine Dimethyl sulfate
Arseni.c coapounds Active-halogen organic ccapounds
Phosphorus chlorides Hydrogen sulfide
Ozone Boron hydrides

2. A_-_piants. These agents interfere with the supply of o;'gen to
the body tissues. They may be(a) gaseb which merely displace the free
oxygen in iht atmosphere, (b) gasen which act cn the nervous system to
paralyze the respiratory center and (c) gases which change the blood or
body tissues chemically so that the oxygen reaching the lunge is not used.
Examples are:

a. Any gas other than oxygen

b. Hydrogen sulfide

c. Carbon monoxide

Volatile cyanides such as

Hydrogen cyanide

C anogen

Cyanogen chloride

Acetonitrile

Acrylonitrile

3. Systemic Poisons. Such agents are Absorbed through the
respiratory system, enter the blood stream, and affect a site oTher than
the point of contact.
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Examples are:

Benzene Cyclopersif Lt-.
Toluene Organic nitrocompounds
Styrene Carbon disulfide
Butane Boron bydrides
Alcohols Mercury and its compounds
Aldehydes Arsenic and itA compounds
Ketonos Selenium and its ccmpounds
Ketene Antimony and its compounds
Ethers leae and its compounds
Halogenated hydrocarbons Metal carbonyls
Arazatic amines Phosphorus
Esters

Preventive Safety Measures

While toxic gases vary widely in specific physiological effects, the
basic essentials of avoidiAg trouble are the same for all gases; namely,

1. Supply adequate amounts of fresh air to working areas.

2. Avoid contamination of air in vorking areas. Do experiments
which involve toxic gases in *-ll-ventilated hoods uhich exhaust so that
fies cannot enter working areas. Check efficiency of hools frequently.

3. Inow how to use gas masks and other breathing apparatus and use
them whene-,er there is a chazce of inhaling toxic gases.

4. Know the limitations of filter-type masks.

5. Give alarm if toxic gases are released into any working area,
and take measures to correct the situation.

6. Tf the toxic action is rapid, antidotes should be at hand
before any experimental orkpe

First Aid for Victims of Gassi_%

Inhaled gas is usuly instantly absorbed by the blood, mbich
circulates a mcent later to the u,'ain, making injury positible vithin
seconds (anaesthesia nerve paralysis, cessation of breathing). Man has
limited control over his breathing. He car., hold his breath only ½ to
1 mirrate after inhalirg, and considermbly leatt after exhaling. Hence,
even if --marned, one may be unable to avoid breathing a woison. If the
pcison causes breathing to stop, the victim will probaby die fran lack
of oxygen even though the poison in the air were to be immedintely removed.
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Indeed the life of a ~jassej victtm is often in thte Lands of the first one
to arrive, ana the oufteae rr.:j de.nd more upon his knowled4,e of proper

~ Poth doctol- '~ - ý1- -- ~~
hospital or first aid station. There,'ore, the basic principles of fireL aid
treatment should be under.tood by• al fellow workers.

L'-IPQIVE OR VIO1T REACTIONS

Potential reaction violence or explosion can be forecast., Experiment-
ing can be safe even thoug an explosion does occur. Therefore, personal

injury from explosive or violent reactions must be attributed to human
failure in foresight and forethought.

Fuiecajtij* Violence or Frlosion Danger

High energy substances, as a class, are capable of exothermic
reaction.

Exothekrml reactions can self-accelerate; reaction rate goes up with
temperature, and temperature goes up as reaction proceeds. This can cause
uncontrollable reaction violence. Also, a reaction which makes gaseous
products can become violent if provision is not made to disengage and vent
the gaseous products. kEplosive reactions are exceptionally violent
reactions characterized by a nearly instantaneous release of heat or gas
or both, occurring throughout a queatity of mater ial

If a compound or mixture can decompose to form gaseous products, and
if this decomposition is quite exothermal, then the material iE a potential
explosive. Any of these explosiv materials may be sensitive, such as a
perchlorate ester, or relatively insensitive, such as pure hydrogen peroxide
Supposed low sensitivity cannot be relied on in laboratory work, eaxept to
a very limited extent.

Calculation of heats of reaction is elpful in forecasting danger.
All possible reactions should be considered, not just the desired reaction.
This is not as hard as it sounds because the products are usually simple,
such as H20, C02, CO, N2 , C, Cu, etc. Vnen no data are available they can
usually be had simply by having heats of combustion measured, or they can
be approximated from bond energies. If unfamiliar with these calculations,
you can have them made by others., These calculations are to be regarded
as aids in forecasting explosion hazards. They do not cover all cases,
notably some of the organic peroxides and polymerizable organic compounds.

Chemical structure can help in recognition of potential explosive
crt:nic comp-ounds.. The followinr groupings tend to confer explosive
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character: -0N 2 , -NO21 -M, -N M2, -N-N-, -0-0-, -N,, -C=C-. Two or
more such groups in a molecule usually make the compoufid potentially much
more dwigercim. Cap=.... con.. inin enocgh •,'- en to oxi•Ie nos+ of the
oxidizable elements are likely to be very dangerous.

Experiences of yourself and others, together with anaLogous reasoning,
are helpful in recognizing dangerous materials. Lists of hazardous
compounds are worth memorizing, particularly those items which you would
not expect to be dangerous in the light of your own chemical background.

Even when reactants and main products are safe, we should not forget
the possibilities of explosive intermediates, by-products, or residues.
For example, peroxide formation can occur in ethers such as diethyi ether
and tetrehydroftran.

Many d-n.eroi inactions are described without a word of caution in
published literature. Hence, literature precedent is a poor basis for
disregarding Wry known indication of hazarnw On the other hand, library
searches can help find hazards of specific cmpounds. Additional information
on forecasti= explosion hazards is giv.n by Tomlinson and Audrieth,
re'ference (19),

R•eccmaanded P-,'eduRea for Potentiall. Explosive Reactions

Plans to run any reaction that may be explosive or will. yield
explosive products or by-products, should be Lhoroughly reviewed with
supervisicn. The following recoendations apply:

1. The scale of reaction should be, limited to the ez.alleat
prncticable q.:=...4, in any ceam not more than one-tenth mol* of
potentially explosive material. Micro-ana3ytical techniques can help
in driving valid conclusions from this small-scale work.

2. All personnel within the ar.a. enc•ul•). be c 1e'•.. !v .. ... a•d

from direct line missiles. For the recommended scale, a minimum of - in.
standard safety glass (not tempered glaci), j in. "IWAcite", or 1/16 in.
mild steel is adequate. There should te a minimum spacing of ten inches
between the shield and the reactor to prevent high-velocity fragmentation
of the shield.

*The first experiment should be limited to one-hundredth mol.
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3. Conduct all operations by remote control. There is no point in
shielxJng if you reach arol--d the shit!h., Before starting a reaction,
diatillation. or other operation, t-hin throuig the .. h.c nr re ' :l..
make adequate preparation for safe har~dlirg of "ootentiqll explosive

rroaucta or residues.

4 Dilution of an explosive miaterial with enough solvent can irake
it entirely non-explosive. However, the possibility should be borne in
mind of dangerous concentration of the material by fractionation, separation
of liquid phases, etc.

5. Cooling with Dry ice or liqcid nitrogen is helpful in ml4 L,
untable explosive materials. There are cc-•punds, however, which may still
explode when cooled thus. Li.quid air is not recommended because of the
danger of scattering liquid enriched with oxygen i" case of explosion.

6. Gas mixtures, even tht"Wh used in the non-flammable rarýe, should
be regarded as explosive materials if they could possibly become so by
incorrect mixing. Hydrogen with air is an example of such a mixture.

7. Successful completion of small-scale experiments without explosioLn
must never be taken to prove absence of hazard,
Recamnended Procedures for Potentiall,. Violent Reactions

Many reartions with large heat or gas-release are potentially violent
but not explosive because the materials react very rapidly dur-ing m'.vtng,
so that dangerous quantities of unreacted mixture' _-o nut build up. 1... such
reactions, the following recommerdationa apply:

1. Unless the specific reaction is well zca-wn, the first run should
be on a very small scale, even tho.4Kh others elsewhere have mad_- it•.-e-
runs. Once the reaction is known to proceed promptly and snoothLy,
consideration may be given to larger scale reaction.

2. Any indication of an induction period, or delayed reaction, shuicl
be taken as a danger signal, putting the reaction of this type in the class
of potential extreme violence or even explosiveness.

3.: All measures for reaction ccntrol should be sLmple, ru=Sed and
sure co worh. These control measures include gradual addition of reactants
and effective stirring, heat dissipation, gas venting, and tempezature
indication. Tf possible, some means should be available for quenching dhe
reaction in case of need.

I
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4. You and your neighbors should be protected by sh•ieArng.
?Prso~ai protective eciaipment such as goggles and gloves should also be
used in the vicinity of the experiment. Precautions should be tazen
against fire in case the reaction gets out of control.

Peroxides that form in comon laboratory solvents have been one of
the most frequent causes of laboratory explosions. Such explosions occur
most freauently du. ing a distillation or after a distillation has been
completed and the equipment is being dismantled. Peroxidizable solvents
should not be used in work with explosives. If their use ca mot be avoided
concentration of peraxides in the explosive must be prevented as they may
initiate detonation. Explosions have been known to occur during opening
of bottles in which ethers had been stored.

The following compounds are examples of comnon laboratory solvents
that perxidize easily:

Ethers Hydrocarbons

Dioxane Cyclohexene
xetrenyroxruran Tc-LriydzuoajP Ualer t t, erlin)
Diethyl ether Decahydronaphthaleie (decalin)
Diisopropyl ether Branched-chain ss'urated hydro-
Ethylene glycol dimethyl ether carbons
Diethylene glycol dimethyl ether Alkyl-substituted cycloaliphatics

The rate or forma' lon of peroxides is increased by t-..posure to light,
heat, and air. It can be very rapid. For example, a detectable amnrmit of
peroxide has been noted in cyclohexene within one hour after diiii:ion
from sodium and storage in a glass-stoppered bottle.

Precautions

1. Easily peroxidizable solvents shou.ld be protected from light,
heat a.d air during storage. Blanketing with nitrogen and use of well-

closed containers are recommended.

2. Containers of peroxidizacble materials should be marked with
adherent tape imprinted with "Warning-May Contain Explosive Peroxides".

3. Such containers should be dated when first opened (a) after
receipt froci the vcndor or (b) after removal of peroxides and storage
under nitrogcn.
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4. Peroxidize .2~ sol'ent:, tha; nave been -xpjsea to en r shotld be
:.ept for a maxmlm of six. t.: T1hen they shou2la be discaz-.ed or else

5- T•n-P - P-•..... il- solvent is -used in an oweiatien_ i, which

any pal,.'UZZid corcentrat, e - olý ;1~ve-t _ e;t tast-d

for peroxide content. Test methlods are described b•tov- If peroxides are
!)resent, they should be removed. Removal methodd arý described below.,

6. juring dAittilaltion of a peroxidizable solvent, air shoul-d not
be allowed to come in contact with the hot solvent.

7,. A peroxidlzable solvent that 13 being concentrated. and- the
residues obtained. should be treated as explosive materials as outlined in
the above section on Explosive or Violent Reactions.

Detection of Perexides

1. Dissolve a sample in glacial acetic acid, Adld a few drops of a
_l-15•, solution ef sodium iodid.e in acetone. if a color develops, peruxides
are present. A yellow color indicates a low concentration, and brcvn a
righ concentration of peroxide in the sample.

2. Add soe. of the material to be tested to an s.cfidlAied 5-10%
aqueous solution of sodium or potassium iodide. Agitate vigorously if the
zaterial does not dissolve. Add starch solution to the aqueous phase. If

a blue color develops, peroxides are present. If the peroxide concentration
is high, a yellow color may develop before tht starch is added.

Removal of Peroxides

Th~ere are several established laboratory procedures for removing
peroxides from solvents. No matter wnicn is used, the treated bulvent
should always be tested to check the effectiveness of the treatment. The
foLlowing_ are representative.

1. Peroxides can be removed conveniently by p•asing the solvent
through, a short column of ordinary activated alumlii. This method is
tfifec.Ive for both water-insoluble soivzn4,E arid watr-uoluble solvents
(excuyt for lower alcohol3). It nas the advantage thasr no w-,ter is
introduced into the •o3vent, mAnd sna=l _ncnts of ,:ter that may be present
are -'emoved, When not even traces of peroxide can be tolerated, it is
convenient to heve tha solvent flow directly into the reaction vessel :'rom
the alumina column. For results obtainable vith this procedure see
reference ' .-



Care should !e usea in disposing of the activ•a1e' alumina after this
operation. Experiments with peroxidized cyclohexene and dioxane indicate
tnat at *east W.Ajer"aL.u~ aý vi, tc I~~ r

3imVp2', a..sorbed. To be on the safe side it is reco-rended that alumina

dilute ac ± soiutlon of posastium xLu. ur furruu ulJlu±e

c. Peroxide lxupuritit iii water-i:nsolublo .lvents (ether, hy.aro-
carblw.k.3, etc.) are easily remuved oy shaking with a concentrated solution
of a ferrous sa3t ., A frequently used ferrous salt scluticn iZ prepared
either from 60 g. of ferrous sulfate, 6 ml. of concentrated sulfuric acid,
ani 110 ml. of water or from 100 g. of ferrous sulfate, 42 ml. of cozcentrated
hydrochloric acid: aMA 85 ml. of water. With some ethers, traces of aldehydes
are produced by this treatment. If ether of a high degree of purity is
required, it should be further shaken with 0 .5% potassium permanganate
solution, then with 5% sodium hydroxide solution and finally with water.

3. One of the oldest methods of peroxide removal involves refluxing
the peroxide-cont-%iring solvent over metallic sodium, followed by direct
istizllatinn.- 1ecentIy, sodium hydride and lithium aluminum hydride hive

bec.ome popi-ar for th!1% use. Perxide impurities are safely reduced to
alcohols which rtzain behind an in.omuble alcoholates during distillation.
This procedure can be used generally for hydrocerbons and ethers; remember,
however, that a sericus explosion can result when halogen-containing
solvents, such as c--bon tetrachloride, chloroform; "Perclene", "TrIclene",
etc., are hea~urd with strong reducin aents such as free metals or their
hydrides. Obviously, orgmew: reagents such as alcohols, phenols, acids,
etc., which contain acidic hyarogen atoms -hat react with sodium, cannot

Pe purified by tiL-. mathod.

O-YJIZI7J AGEnTS

Hazards in Handl2

Oxidizing agents Are, by their very nature, hazardous ccmpounds with
respect to e.xplosions, fires srn burns. Srme are Poisona and allergens as
dell. Mary of the commonly e!_Tloyed cxldiziing agento are classified below
accordl-ng to their primary hazatrds.: This list is not necessa:ily complete.

3ince perc . 'hlori act! amd •erchlorates are e.ýciallly ' n'geroue
because orC their sensitivity and treieMlcrun rnoteinit. al destructive puveLr,
special .e...iscon fron cu.evision :..... be zccmred before vor1itng with them.

,itrate!.•, (,hloratet ary! other compouzer of oxidizing acids should be*
handied wlui .-.;e whenevey: -.£ACd witht redu("a-. ,, t- , cochustible
materis.a.LS. ~ytems c i U1A LAck.l. or salt ai c-&anic matter
,:oimt~tte potteutitl expl ,Aivt_;., -Lx-ares contAinina; ialtz of nxidizing
ac' ! ere ?.TrticalarV 'hngeroI.L- ii the an•lylrcus stato a .ii w.en sub.ected
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to heat and strong acids. Practical exemples of this are cormon laooratory
cleaning solutions mid nitrating mixtures. Ibile most of these acids and
salts are not darSerous alone, some of the salts are ex. e by themrelves.

In respect to the explosion, fire and buin hazards, similar
.. ply. to the volati:le oxid-.. ing ajgents. in genreral, hLih

te-rperatu-re- and hi 16,o . arc ob '"t4 •- ,^. .. er poAibhle.
and any spilled oxidizing agent should be cleaa=± up promptly.

The better known volatile oxLidzling agents all have strong
physiological effects. Every one but oxygen is a poison, and when Lnhaled
the fumes may be iehal.

IFAGENTS WHICH CAE FIRS, EXPLOSIONS AND WRNS

Oxl•izing Acids and Their Salts. lodates, periodates, bromates,
hyprochlorites, chlorites, chlorates, perchlorates, nitrites, nitrates,
permanganates and chromates; especially arlts with reducing and catalyLic
!one.

Volatile Reagents. Ozone, c:zy,&en, halogens, lnternalcgen compouens.
and compounds with nitrogen-helogen, nitrogen-oxygen, and oxygen.halogen
bonds.

Solid RFeagento Higher-valence compounds of selenium, tellrium,
mercury, thallium, 3 ad, arsenic and vanadium.

CHIJOHdROCAREONS

Flammabilit_,

T'ine low flamN.bility of the chlorohydrocarbons as a group is one of
the principak reaau :or their wide ccm rcial use. The members of the
group vary somewhat in f•l8.ability as inidicated be,'-N:'

Methyl Chloride - moderatelV .'.anmmable with moderate explosiorn
hazard.

Methylene Chlaide - prtctica.ly non-flammable at ordinary

temperazures.

Trichloroethylene - non-flamuable at ordinary temperat*ures.

Carbcn TetrachloridePerchloroethylene - non-flammable.

Cloroform, Methylene Chlorideand Trlchloroejykt,: - fc••_reakl.,
.cobustible xiixtures at ?iigh temperatures with high ccncertrottionn of silvent
"-,r :Ln air.,
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The toxicity of the chlorohydrocarbons is the principal hazard in
their use. A good general rule is that human beings should not be exposed

However, the members of the group vary consliderably in toxicity and for this
reason attempts have been made to establish maxiwan concentration It-its in
air for the individual chlorohydrocarbons. For example, the Americar
Conference of Goverimntal Induatrial Hygienists has set up a list of values
called ".threshold limit values" which are defined as the maximum concentrations
in air to which an individual =Ly be subjected over a long period of time
without experiencing undue discomfort. Theme val-•as are given below for
some of the chlorchydrocarbons in ccoparison with sme other solvents
comonly used in the laboratory.

Threshold Limit Values (April 1960)

Pethyl Chloroform 500

Methylene Chloride 500
Trichloroethylene 200
Perchloroethylene 200
Ethylene Dichloride 100
Metyl Chloride 100
Propylene Dichloride 75
Chloroform 50
Carbon Tetrachluride 25
Tetza• lorott.hane 5
Pentachloroethane 5
Ethyl Alcohol (000
Ac#tozne 1000
n-Hexane 500
iso-Propyl Alcohol 4 00
M-ethyl ! lccahol 200
Toluene 200
Dioxane 100
Ethyl Acrylate 25
f-rzene 25

-Rn" tratlon values have also been established by State health
authoritlie a.d the3e n*j va-y for sace ccopounds from two to tenfold.

The first evidence of the pnqiological action or the chlorohydro-
carbcna is a - , t. efet-t.. Simptonc; of excessive exposure include
headache, undue fatigue, or 4t,1ea. Some of the solvents are rapidly
eitLL-a1.ed from the system on access to fresh air, witt, no evidence oi
. -,t effects or '--my oreu±n,.: Crherj, on .epe,%ted exposure, may

-"



NOLNR 61-138

produce delayed or cumulative physiological effects, such as liver damage.
Carbon tetrachloride is reported to have this effect, even in low
concentrations, ;an some others may also.

Pnrtmil•ar attention is ra'iL11d to the low allowable concentrations
for tetrachigrotUiduie axd periachloroeth"are. The vax"""" ~rlefor thýe
compounds are l.-wrer than for hydrogen sulfide or hydrogenz cyanide.

Trichlo-rethylene-Dry Ice freezing mixtuire is frequently used in the
laboratoy .: The trichloroethylene should not be allowed to stand in an
open container between uses.

Contact of the skin with chlorohydrocarbons, both liquid and vapor,
should be avoided. Absorption through the pores may produce the same
physiological effects as inhalation., Removal of natural oils from the skin
nay cause irritatlo:,. Contact of vapors with the eyes shou2 be avoided
because of the sensitiveness of these organs.

Stab Li Lt

Unrer ordinary use conditions, there are no hazards in the hsndling
of the commercial chlorohydrocarbons due to instability. On exposure to
high temperatures (e.g., open flames or open elactric neater.), the
chlorohydroca..bons may decompose to form toxic and corrosive products.

Reactivity

In the presence of sodium, caustic, or caustic solutions, 12-di-
cnloroethyleaie may form monochloroacetylene; trichloroeto 'ylene may form
dichloroacuiyleAu a&d tetrachlorethane may give either of the chloro-
acetylenes. Since the chloroacetylenes are highly explosive, contact of
caustic with the above chlorohydrocarbons should be avoided except urner
carefully controlled experimental conditions.

OTHER COWON CHEMICALS

While the handling hazards of some of the more dangerous chemicals
frequently used In oar laboratories have already been described, there are
many others which present various types of hazards when not handled in the
p,,4er mannor. It ic beyond the 5cce of hif manual to include all of the"e
chemical3, but a few of the more canon materials have been selected for
discussion.. For hazards encountered in handling chemicals not contalned
herein, reference material in the library and Safety Group should be
ccnsulted. See references (2), (21), (22), (23), (24), and (25).



Acids

The mineral acids are ver., corrosive and capable of producing
serious injury or death if headled carelessly. These precautionary
i-eae'ires are required to be followed when thesL materials are hanlled.,

1. Wear goggles when pouring acids.

2. Avoid contact with skin. If spilled on skin, wash immediately
with corpious Bm3umnts of water. Tf there is any evident burn Iroir the
acid, report to the doctor immediately.

3. Spillage on floor or bench should be clea --d up immediately
by flushing with -.-ter or dilute sodium carbonate oz bicarbonate.

4. Do not use ccmbustibles such as cloth, sawdust, ur other
organic materials to mop such spills.

5. Always pour concentrated acids such as sulfuric icid into
water and never vice versa. Use good a..tiLon.

6. Avoid inhaling acid fumes.

Al1kalies

1. In handling alkalies in either solid or solution form, avoid
contact with skin or eyes. Goggles should be worn. If the skin or eyes
should be affected by alkalies, wash the areas immediately with large
amounts of water and report to the doctor.

2. In dissolving solid alkalies, use cold water and wear necessarn-
protective equipment. In rAking solutions, always add flake or granular
forms of alkalies slowly in small portions to avoid bo.*ling and spattering.

3. Spillages of these materials should be flushed away quickly and
never left unatteuded. If the material is a solid, it can be shoveled
away and then dilute acetic acid vaed to neutrelize any remining traces
of the material.

4. Avid breathing of vonl.o vapnr., If It is necessary to work
in area with high concentr.tlion of aemonia, wear a Chemox or 8-minute sling
mask that covers the eyes.

Mercr

1. Mercury and its co--powids should be stored in a cool, well-
ventilated place away from areas of acute fire hazard. Containers should
be kept. clo-ed wvd plainly labeled.

ln
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2. Mercury o04 its compolds should never be heated in the open,
but only under a fuime hood.

3. Spills of mercury should be cleaned up immediately. If thi.s is
nnrt possible, wet the area with water or sprirnkle calciium sulfide liberally
oito area until spillage can be cleaned up.

4, Droplets of mercury can be picked up readily usJ.,g a snall steel
pipe or glass pipette connected Lo v muction flask by small bore rub-cer
tubing,

i)ry l(ee

Dry ice is a propr4ctary name for nolid :arbon dioxide. At ordinary
temperatures it will turn into gaseous carbon dioxide. 'he lan;ter, in hi&
concentrations, paralyzes the respiratory center and causes aspiyxiation.

1. Wear dry cotton gloves when handling Dry Ice and do not allow
it to come in contact with any part of the body because of danger of
frost-bite.

2. When breaking large piecee of Dry Ice with a mallet, wear
goggles, and use extreme care that flying pieces do not endanger others
in the area.

3. Never store Dry Ice in gas-tight containers.

4. When preparing mixtures of Dry Ice arA trichloroethylene or other
liquids, add the Dry Ice slowly to control rate of gas ..volution ernd avrod
bpattering. Wei:r goggles.

Ethyl Ether

The greatest hazard in the handling of ethyl eter is that of fire
anJ explosion. It is a highly flammable liquid with a flesh pocnt of -45 C
and the very wide explosive range of 1.85% to 36.5% by volume in air.
Althcugh ether is not a very poisonous substance, it can produce anesthesia,
narcosis, and intoxication resembling that produced by alcohol. If ether
containing ethyl peroxide is distilled :In such a manner as to concentrate
the peroxide, it may become explosive.

1. Preparations containing ether should be heated or distilled only
over a steam bath or a hot water bath without an exposed heating element,
Th-s operation should be carried out ur~dur a hood.
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2. Materials containLng ether should not be pla'ed in electricallyr
heated ovens.

3. Before ether is distilled it should be tested for peroxides. If
perax .Ics =-e. present, t-hey !hici be reaove. See section abovc cn
PeroxildJzable Solvents.

4t. Non-flammable solvents such as methylene chloride should be
used in place of ethyl ether for extraction if at all possible.

HAZAMuS .MIXTCP

The possibility that a hazardous mixture may be used or formed in
carrying out a ch•emical reaction shouid never be overlooked. The rate of
reaction, the possible catalytic effect of structural materials, the heat-
transfer capacity of Ue equipment, the atability of the products, and
possible by-products, the toxicity and flanrAbility of the off-gases, etc.,
are important consideratione. Previous sertions iW this manual, as well
as the tables below, should be consulted anl memories refreshed for
furnzi-hlLi background information on inrnatible chemicals before doing
work involving a new chemical reaction.

Hazardous mixtures may also result during chemical storage. Care
must be taken to prevent the mixing of strong acids and alkalies, sodium
and water, carbon disulfiide ard nitric acid, etc. These cetid occ.Ar by
spills, fires, or explosions near stored chemicals wiich might lead to
other fires and eq.L;sizns of a serious nature.

The problem of waste disposal in the laboratory should also be
caref"',lly considered. Organic residues shald not be placed indiscriminately
in . waste can without sufficient deactivation of the material and a
I.ovledge of' the contents of the was te can.

Care must be taken to use the right type of ext~inuisher for
laboratory fire to prevent secondary reactions. Thus carbon dioxile
extinguishers should not be used on sodium or &asgnesium fires.

The following tabulation gives a great many known hazardous
combinations of chemicals Necessarily, no list of this sort can be
com-plete, and it should therefore be considere-d primarily ued.:ational,

L. ACR.'YL and chlorine (or bromine, fluorine) (explosive
reactions).

c . ACEtin). , and air (explosive range from 2.5 to 82ý C•H2 by

volume).
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3. A•CTYTZNE and metals Vnich form unstable acetylides, such ES
copper, silver or mercury.

4. A1COHOL. sd nitric acid (rapid oxidation; heat of reaction).

5. ALCOHOL and active chlorine (or kynpochlorites) (alky .hypoWit lzes
form vbich. are very unstable).

6. ALCOHOL, silver salts, and nitric acid (explosive products form),

7. AMi•S or AMMONIA pluu cwotanions (perchlorate, nitrate, chlorite,
chlorate).

8. A±44ONIA ard nitrous oxide (an explosive mixture).

9, AMMONIA and me-rcury (mercuri-ammonium oxide formation).

10. AMMONIA or amnonium salts and halogens (violently explosive
cxo~pourt1 ).

11. AM4ONI.A wnd silver or silver salts (Ag3 N or Ag2 NH form•qtion).

12. AMMONIA and calcium hypochlorite.

13. AMMONLA and hydrogen fluoride.

14. AMMONIUMI nitrate with acids, metal powders, flammable liquids,
chlorates, nitriw-.s, sulfur, finely divided organics or combustibles.

15. ;MOTLUM PERCHLORATE and carbon (exothermic decompcsition).

16. ANILINE and nitrit: acid, hydrogen peroxide.

17. AZO ccapounds plus organic reactants or impurities.

18. CALCIUM METAAL and sodium hydroxide (%deonation).

19. CALCIUJ4 CARBIDE and water (see also acetylene).

7.-), (ALCIUM. OXIDE ani water.

21. CARBOI-ACTIVATED and calci±'= hypochlorite.

22. CHA{RCOAL and sulfur, sodium nitrate-Blach Powder.

23. CARBON ¶IETRACHWRIDE a•-n electric src (phosgene in presence or
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24. CHLORATES, MRCiJ)RNA!.S3, and wunonium salts, a'ids, metal
powdKers, sulIr, finely divide,! urA*.ics &r ccmd-zles (viol..rit
oxidation).

5 C. i Gi UihNE LuI ... aor.t.a, bue, r+iene. but-nne nnrl other

petroleum gases, hydrogen, sodfium carbide, turpentine, benzene and finely
divided metalb.

26. C=LRIXE DIOXDE and ammonia, methane, phosphine, hydrogen
sulfide.

27, CHBOMIC ACID and acetic acid, naphthalene, camphor, glycerine,

Lurpentnac, aac-o!, .nd oter f1.n-ble l1in•ii (violent reatic.i.).

28. CYANIDES and acids or acid salts (HCN formation).

29., CYANIDE SOLUTIOiS and chlorine gas (HCN, C2 N2 , CNCl formation).

30. CYMANIDS arnd concentrated formaldehyde (a cyanhydrin forms
which may polymaerize with violence).

31. UYA1IDE6 and niLtric acid (explt.vive reaction).

32. FURFLRAL (and derivatives) eai stron' acrids (Dolymer formation).

33. FORMALDEHYDE and nitric acid (violent oxidation).

34. Gas evolving mixtures in closed containers (prssare ruptures).

35. HYDIRAZINE and ferric oxide (ignite at 23 0 C).

36. wilRCii , li ',lorine, vapor phase (.iolent reaction).

37. HfOROGEN anld air or oxijgen mixtures (explosive if in contact
with sparks or flwnes).

38. H•YDROGEN PEROXIDE and lead, copper, iron, most metals or their
salts (particularly thiocyanate), any flermnable liyaid, combustible
materials, aniline, nitromethene.

39. HYDROFLWRiIC ACID and ammonia, aqueou.o or abydious.

40. }YfDROGEIN ULFIDE and f'umji-g nitric acid, oxidizing gases.

10.. HYDMROPARONS and flurui,,e, uhlor.iue, brcmine, cnromic acid.
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42. IODINE anrd acetylene, anaoij.ia.

43. KTONfL6 plus hyarogen peroxide and nitric acid (fo-m~ation of di-
andi tricyclo~etone peroxides)

c).45. 4OILTMN CXANIDES and oxidizing agents (epoinhzr)

4~6, IflCUF71Y w-id lead or alumdiump inetals (alloy formattion).

4-1. KERCURY and acetylenu, "ulminic acid, ammonia.

40 . IERCUPIC NTITRATE ard. hydrocarbjon oils (violent reaction with

,, . NITRIC AM~ 'conc.) and ace' ic acid, aniline, chromic acid,
hydrocyanic acici, hydrogen sulfide, flaunnamble liquids, flammable gases,
n itrat-abie substances.

50., NIT~fjPA.RAYF-.LS and inorganic basezý.

CO ORGANIC CIILLRIDE3 and De roxygen comnpounds.

52. OiRGA.N1C C ~I3and me~als -a nipowder, i-ron (particularly
in presence or dirietIhyIformaamide, dirmeUiylacetamnide) ms, be explosive.

53. OX-Yuhl and oiis, greaqe, nydrogen, flamm-able liquids, solids or
gares (explosion~ hazard)N.

-5i. FLIC1EL1MIC ACID nrA acetic ~truhjvdri e, biwainth and its alloys,
b-..~co!hnIL pupc-,, wcod, ~jrcasc, 0115.z:

55. PE'ROXIDLE), OICA1flGC and acti9 (avioid, friction).

56,. P]HObPHQP(i~uU.; (1,511191") and air, oxyrgen

57., I-{RA;SIW metls. and air (K2 04 furmaLion).,

~~8. A~ -11h!TOXI(uZj and orguric or ccadbustib-In -vnteriai (fire

hazard).

'i., i(YT237--12r-'ýA uLC, etrylene gy.l
berize.dehyde, -.ulvur~c- acid.



60. CILVER a•"d e etylee, oxalic acid, tartaric acid, fulminic acid.,
ammonium compounds.

61. SODAMIDE and moisture plus air (exp'.sive compound forms).

62. SODIUM (and other alkaline and alkaline earth metals) and carbor.
dioxide, carbon tetrachloride and other chlorinated hydrocarbons, water.

63. SODIUm, and SODIM. PE R...ivity)

64. SODIUM hfDRIDE and air or water (hydrogen hazard).

65. SODIUM1 MONOXIDE and water (fire hazard and very caustic).

66. SODIUM MONOXIDE or sodium hydroxide and chlorinated hydro-
carbons (possibility of chloroacetylenes forming).

67. SODIUM MONOXIDE and solid C02 (violent exothermic reaction).

68. SODIUM INITRATE and ammonium nitrate or other ammonium salts.

69. SODIU, PEROX.IDE and any oxu'Lizble s-batan.c,. such as e+tlni1
glacial acetic acid, acetic anhydride, benzaldehyde, carbon disulfide,
chlorinated hydrocarbons, glycerine, ethyl acetate, furfural.

70. SUI-1URIC ACID and chlorates, perchiorates, permanganates.

71. VINYr ESTERZ and alkalies (very exothermic).

STORAGE OF CHM;1CAI•

COii.airners of btor'e• ratlerialn should be clearly labeled to show the
identity of the contents.

The quantities of chemicals stored in a laboratory should always be
kept to a minimum consistent with needs o4' Ute work. Arrangements should
be made for isolated stornre of chemicals in more than normal laboratory
quantities. As soon as a Jlou has been completed, the chemicals that were
prepared as part of flie Job or obtained especially for the job should be
discarded or placed in excess-chemical stora6e, except for reference
saxmples that must be retained. Retained samples should be checked at
re-,"11- intervals and discarded 'when no longer needed.

The properties of a chemical, frequency of use and quantity involved
should all be carel'ully considered as bases for deciding where and how to
store it. Stabiiiuy, toxielL'., and flli,,ability -ire particularly important
properties.
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Refrigerated _torage

It is tie responsibility of each chemist to de-termine whether a
chemical is stabie enough to be stored safely at roai emperature or

c:o,!•be refrigraorted.

-AFTY PRECAUTIONS FOR PILOT PLANT
LPLOSIVES LOADING OPERATIONS

GENEPA.L zýA2,T REGUI-ATIOINS

The _'ollowing general safety regulations apply to operations under-
taken and involved in developmental loadings of hlgk explosives. The
safety instruction; incorporated in this report are not meant to be eli
encompassing., Constant change in technology, applications to new materials
and equipment, etc., necessitate that all proposed operations be exam,.-ed
very carefully as to potential hazards ard as complete a safety instruction
prepared as possible. '.'e hazard: of handling, mixing, etc., are usually
easily defined and controlled. The hazards which are basically due to the
chemical and physical nature o0" the explosive are usually more difficult to
analyze. Prior to beg--i.nig any work impact sensitivity data, vacuumd
st1abiliLy infoii,,iaalo -.i v t,- i;...... .tezt data • b--obtained.
This information should be well known and urderstood by supervisors before
startnLg work. Do not depe:nd on data from laboratory scaled work, until
such data has been substantiated by tests of plant produced material.

Hazards jiot'uld Be Understood

Posrible hazards of every operation should be analyzed. Employees
must know the nature of all work being done and the exact properties of all
materials handled, Supervisors should inform employees of expected hazards
and how to avoid '

,iazards 5hould Be Kept To A Z,1LWA

Keep to a minimum the amount of explosives handled; the number of
persons and equilpment exposed; and. the exposure time. Posted limits of
persons and equipment must be obstrved. Keep only mininum limited quantitie
of explosives and conpleted or partially loaded parts present at each stage
of an operation.

Cleanlinesb

Personal eleanlines,. q important. Gloves and protective clothing
are available and must be worn as operations require. hfaids and face should
be washed before all intermissions for smoking and for meals. Showers must
be taken at the ena o1 ie working day as required whun toxic explosives
or materials are involvel in operat.i:ns.

17
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Constant Individual Care

Habits of working must be formed correctly. New and unexpected

hEZards may de-, ::'op; always be alert and on the look out for the conditions.
Never assume that proper safety precautions have been taken. Make sure
ti~ey nav;e,

nousekeepIng

All loading operations will be conducted in a neat and orderly

manner with regular clean-up operations each day and a complete cleaning
operation each weekend. Supervisors will insure good housekeeping and
maintain effective policing throughout the loading area and surroundings.
Effective cleaning methods will be used to minimize the accumulation of
explosives or explosive dust and insure its removal from floors, walls,
ceilings, ledges, tables, etc. A coplete washdov-n of plant and equipment
is advisable at set interrals throughout thp ye-ar. The frequency of such
washings will depend on the type of work carried out, degree of dust
generated, etc. Periodic clean-ups Tust also irclude the "less obvious
places" such as interiors of ducts and ventilators, overhead pipes,
auxiliai equipment, bearings, etc. Pay particular attention to areas
where explosives might be exposed to heat.

Receptacles For Storage Of Explosives And E4plosive Parts

Keep explosives tnd explosive parts in approved covered receptacles,
with covers in place when material is not being taken out of or put into
the receptacles. Receptacles should be electrical conductors and when in
usc, be connected to a well grounded wire or placed on a well grounded
metal plate. Inefficient and unnecessary transportation of explosives
must be avoided.,

Protection From Electro-Static Charges

Protect operations from electro-saatic charges by effectively

grounding all machinery, equipment and fixtures, and, where necessary,
employ suitable grounded conductive coverings for floors, work benches
and tables and workers' conductive shoes. Workers' clothing of a type to
minimize the accumulation of static-charges should be worn. This is of
particular hrrportancc when handling mu•terialc developing dust, extremely
sensitive explosives Ea-d :'nf4sar-mable solvents auid should then be regarded
as more than a routine regulation. Conductivity checks should be made
periodically to iwec tha.t grouvding iien ni protection, conductive
floors, floor waxes, etc. provide sufficient grounding.
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Safety EQu ipment

"Inforce tn~e wearing o' safetj equipment, suitable safety footwear,
goggles, gloves, respirator3. Iard hats and impregnated garments to protect
p•rs.onnel n•ainst Irirns, poisoning a.-d associated industrial hazards.

Removal, Stora•'e And Handling of Explosive

Explosive scrap produced iuring loading and later cleani.ng is usually
removed from explosives loading plants by flushing with water to a draintrg
system. Before the water stream leaves the loading area it must pas.3
through a catch basin wherein t-he explosives aie retained. Catch basins
must be emptied periodically to pre-:ent accumulation of dangerous amounts
of explosives. The•s accumulations of explosives must not be allowed to
dry and must be destroyed without delay. Heat evolving, and therefore
dangerous, decomposition can be detected by temperature. measurements.

Be extremely careful of reactivity between components in the catch
basin. "-hen haaards could possibly develop isolate catch basin scrap by

cleaning immediately before and after slecial operations. Use extreme
care in emptying scrap basins. 'Iojslbie Lazarils az= lack of 4xygen and
toxic gases in pits. Use sparkproof shovels, when friction senuitiv1ity
permits, otherwise wood or plastic tools.

Handling and storage of explosive acrap can be t.xtremely dangerous.

These basic rules should always be followed:

(a) Unless it is known that explqsiveb are compatible, do not allow
one scrap explosive to be combined with another.

(b) Scrap from sensitive explosives or scrap from explosives of
unknown sensitivity should be kept to a minimum and disposed of frequently.

(c) The amount of eyploz;cve scrap present must be included in the
permitted amount of explosives.. Therefore, in order to avoid inconvenient
restriction of the amount of explosive working material, scrap should be
removed frequently. Also; this should be done to keep amount of present
explosives as rnrch below the pe--itted limit as possible.

(d) Do rot usc the plant scrap dispodal system as a central gathering
point for explosive scrap from allied facilities such as the chemical
laboratory, etc.

(e) Some explosives can be rendered less sensitive or more stable
by removal of water soluble components. This should be considered when
handling or storing explosive scrap.

lj9
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There are no simple rules for magazine storage of many of the
explosives involved in this work. Storage of materials not Included in
inbtructions i., OP 5 should be guided by:

fa) Keep the storage of potentially unstable material or material.
of questionable stability at a minimum.

(b) Regart all new compo.itions with any potentiel'ities at all
toward unrtability as questionablc and maintain a direct temperature record
on the material as well as the maga'&ine until experience has verified that
it in stable. Keep in mind that a slight change in components, a change in
an ingredient prity may place the explosive system from a stable to an
unstable condition.

(c) Be extremely suspicious of sysw= which do not have the
vacuu stability characteristics of present explosives such as Canposition B,
and HEX.

(4) Never store high energy materials of unknown ttability with
other explosives.

(e) Do not store pcviered metals with explosives or with other
oxidizers.

(W) Do not store axiaizers, i.e. suoniun perch>irate, emmonium
nitrate, with explosivetr.

(g) FLplosivca and high energy materials of low stability or
unknown stability must b. kept in isolatioz magazines and under close
wurveillarce. It would be well to make arrangements to measure their
temperatures remotely,.

(h) Be alert during all operations for any unusual gas, fumes, or
odors such as the brown fumes . the nitric oxides, the odor of formaldehyde
or chlorine. Thece indicate a reaction wtdih couni go out oi control.
"Tallure of cke cooling ,ystem to keep hc, tciperature below established
maximum is a crit- cal warxing that the situation is getting oit of control.
hi warning .must never be ignored. Do something Get out! Action in

case &V of these danger signalz appear must be pla.•ned in advanice. If no
plars have beer mad. to prior Cu IaiiLtiUn: vii, yb vu, su]ervisor leave the
plAce with out delly.

(:) .... ui;. ... ,p "-:. -d t.att Uhe toxte. flarsnAhlp. nr

explosive c:iseacteristic may present a greater heaard than the explosive.
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PR&PAUATION OF PROMEURES AM)D lINST11UCTIONS

(1) job procedures for this type of work shwUj be written to include
al.1 available infonration on the chemical and engineering characters stics
of the materials involved,

(2) When procedures are released to a solpervisor
there shall be no deviation froma the procedure except by author4?'.ation inq
writing by higher author. 'r.

(3) Operating instru.-tions shoulý be prepared for each unit of process
equipmnent.

(4k) Operating instructions should be prepared for each tasic assigned,
Where tasks ame involved and consist of many non-related operations, the
procedures should be tied to individual operations rather than the task.
Whenever possible write a universal type of instruction applicable to a
particulai, operation or task to avoid 1'Anecessary instruction preparation.
However, every task assigned must have an operating instruction, which mm
refer to the universal instimucLion.

(5) A safety instruction mast be included In the operating instruction
for each. task or operation. This portion of the operating instruction
should be riAde conspicuous by underlining, printing with bold face type,
separation In srace, or other suitable means .

SAFE"! PRECAUT~IONS FOR UN1T OPERATIONS AN~D PROCESSES

Size Reduction

When cm-.11 sarounts of conventional explosive fires are required,
for exa le L". preparation or a sample for anal.ysis, those cimy be pz,, .'j
by hand grirAhAng using a mortar and pestle constructed of llignuu vitae.

Oxidizer matesrials should be processed behind sufficient barricading
to protect opetatoro. Prior to ra1llir.; make sure:

(1) Mater-1&l is free of contaminants and foreign materials.

(2) Equipment is installed and maintained so that no lub.ricants
can leak into the miLling chamber or contauninate tht oxidizer In any
manner.

Me.-l'srical sire redurt4Aon 3oild not be attezmpt-pi on siensitive
exploaIvesi systemis such as perchlorate systems, axplos- we systems
containin3 nitrcglycerine, or on sensitive explosives such an 1R2C, WM,
PMN. A.vk reduc~tion mafle ty methods such as recrystallization should be

5 1
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done prior to f0onnulAtion. Excplosive ingredients which are insensitive
enough to permit reasoieble salre milling shou1.i be milled before
forimujh.tion or t~he explosive cowpusiilou. W teT oy Other izeart diaperannt
should be used to decrease sensitivity during milling wmhezziever possible,
or advieble. ILIP st.Asti-vit~v of' the wet mixture shouldi be deterumired
prior to milling as the sensitivity is not alvaxs reduced by liquids.

Disperuion of explosive d~ust from dry milling imust be prevented by
dust collectors. Organic chemica~l dusts mest not be dispersed in air
because extremel~y violent explosions result if the dust in air Is
accidentally ignited. Provision must a18o be made for fire hazards.

Filtration

(1) Provide the required protective clothing, respirators, etc.,
to prevent injuries from burns, toxic wAz inflammable solvents, etc.

(2) Nhen flAimuable solvents are involved, limit. operator's quantities
of solvent nnd~ expi~osive. Provide automatic spr'.zkler system firc protection.
Use wut~er soluble solvents such as acetcne or alcohol if possible. 7he use
of flammnable solvents should be avoldod if at all, possible. The alternatives
are water or toxic halogenated, usually chlorine containing compounds.

(3) When filtering explobtves use gravity flow. Do not use gear or
piston pumps having metal. working pauts. If pumping .3 necessary use
diaphraot or similar pumps with rubber or plastic parts. 7he effects of
solvents, plastic parts, etc. on dcrelopment of stAtic charges should be
considered. The ct-spatibility of the explosives with solvents andl equipment
parts with which they make contact must be considered.

Blendiujg

(1) Avoid the gen'prntion of explosive dusit by the use of ventilation,
dust collector systems, etc.

(2) Consider sensitivity levels prior to deciding on the procedure
sAd safety precautions a" utilize remote control operations whiere necessmary.

Size Separationg

D~o rot attempt to dry screen explosives in the sensitivity range of HUJX,
FETN. When size separation is necess'-'y, use a wet screening method,
settling imethod or other safe process.
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Crystal litat ion

(i) Select water soluble solvents vhen possible.

(2) Provide sprinkler system protection when flexmable solvents
&.e involved.

(3) Control toxic hazard levels of solvents by proper selection
of solvents.

(1) Determine whether a remote control operation is neceasary.

(2) Determine tht drying wl not increase sensitivity.

(3) Detormine that drying will not create a reactive material With
possible decomposition.

(4) Take steps to eliminate solvent vapors from the area.

General Stwmation

(1) Avoid hRmling of dry, sensitive explosives or expl•sitv
formulations. Do nrt begin blending, mIxnn or grinding. operLtions on
explosives vit•icout first establishing an effective pre-inspection operation

(2) Equipment installation should be based on strict compliance with

all electrical coxa.

(3) Insure that explosives are compatible wite solventc.

(4) Use toxic or inflamable solvents otay when necessary.

(5) Avoid use of non-conductive contaiw•a for Lf'ammable solvento
and explosive sensitive to static-charges.

(6) Keep oxidizers from organic materials, except in process. If
possible add the oxidizer tW the fornule.tion last. In some cases maxiua
sensitivity in develnpeA by the addition or the explosive; in tcLat case,

acti it last.

SAFETY PRECAMI'ONS INVLVED IN PREPARATION FOR WDADIIE
Ordanc •.Arplosive Charge Con taincra•_Ltc--

(1) The explonive load mist be protected:

(a) Fro, rntals, plastics, etc., coatings vith uhich it may react
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(b) Frw the danger of pinching, friction, etc.

(c) From detonation or deflAgration in case the container
rupt',res or .- iAm_ y e when dronned. struck., etc.

(2) Ordnance slhould be examined and when required the explosive cwrity
shotild be lined with a oim-), -eoAtible lining material such as
%.owpound, asphaltic, hot melt, MIL-C-3301 or coating cospawa, bituminous,
HaL-C-I50), or some other suitable Lining approved, applied to the required
thickness and uniformity. lziplosive charge container assemblies should be
designed to provide a safe unit under the explcted loading, handling and
storage conditions.

Molds, Pressi.g Die. Etc.

(1) Prior to use all molds and dien should be examined to insure that
no development of friction or pinching action against the explosive vini
occur.

(2) Vaterials of construction and surface finish should be tt1rrtwl so
as to insure easy disassembly and easy removal of the charge from the mold.

(3) Materials of construction and exploeive being pressed or cast
should be selected to eliminate the use of aWW materials uhbchb vil or
could possibly react vith the exploalve, produce a sensitive charge, etc.

(4) Materials of construction and design want insure that there vi

be no distortion under applicable loads.

SAFETY PRECU. 0M FOR I1NEC1IMO AM WEICHI1M

AlI explosive materias and ingredients Included in explosive
coositions should be given an effective Inspection for contaminating
substances. Inspectin mty be visual (if effective) or by screening. Al
atsrilaAJ shoutld be passed over permanent magnate of uffictent strength

to remove all contamination of a ferrous metal nature unless previous
inspection at the packaging facility makes this unmacessary. Screen •*on
used asinspection tqulpment should be of a mesh only sl•ghtly larger than
the also of the material being inspected.

Al ingredients must be conpatlble vith the explosive in the explosive
system.

Containers should be conductive vhen used for storage of materials
sensitive to static discharge or uhicb easilky create a dust sensitive tw
static discharge. In general, containers shoulit be fabricated of strong
fiber or plastic material coaputtble with explosives or of soft alOimum.
ContaLiners ahould be fitted vith a hiiged lid to permit easy closure and
should be of a aeamlapn construction.
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Unless Impractical, explosives in the sensitivity range of fDX e-iould
be u-sad water wet. When this Is impossible because of problem in obtaining
exact weights, etc., dry R)X, IMX, FM al ajad Ir hsadous explosives
should be nandled and stored in seeaiess YW)ber or plastic oontaieArs,
peferably coeductive. Operations abould be arangsd :o that the materiel,
cm~a prv-kvx-ed, is sub'jectl to a rninmu o-11 cars:ll mauprviao WIAra

If extended storage is necessary, resto under water as Inst acted in OPP.
Take -iatver staph are necessary to insure that containers of WX, etc.
are not dropped.

SAFTI PRECAUTIONS FOR Ki1W AMD BATCHIM OOAINS

These operatians mre divided into tWo areas of hazard: those which
may be acc•plished without barriceade protection andL those which should be
cupleted only unider remote control conditions.

Barricade Protection Not Required

%6) Prior to initiation of work:

1. Insure that equipimeut is in good working cudlition and clean

2. FMa m vlhit agitator cleamaxcc is correct at maximum
operating temperture.

3. Make sure that temperature sensing snd recording instruments
arn operating correctly.

4. Heat!•ne fluid should be limited In temperature by a suit-ble
automatic contrcl device to stay well below the temq'rature level at vhich,
thermal dee-Vposition of the systems begins.

(b) Charging Ingredients

1. Preheat unit, Noti:" Where pozsible ,swirl breakers should
be insta.led so •n to be heat-ed vith steam or hot vt.ter.

2. rlays add the materialu which provide týe liquid phase first.

3. Control rate of heatin and addition of ingredients so as to
avoid chance or producing large lumps of ex.plosive.

4,. Use extreme caution iii addition of materials which, due to
high heat capacity or rapid heat conluction, could cause the batch to
solid ify.,

5. Avoid creati•i, of dust by good ventilation,
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6. R)X and explosives of bsoilar sensitivity should be handled
water wet whenever p03sible. The water can be driven off later by exterded
heoatina to ths. hatch. by vacuum drying, etc.

(c) Vacuum Treatment

1. Inaure that drop valves, etc. are constructed to prevent
leaage of explosive on•to vorking parts.

2. Keep vacuum lines clean. Inspect as often as necessary to
insure that they are clean. Install traps if necessary.

3. Insure that there is an effective filter between kettle and
pump. Clean es often as necessary to maintain filter medium effective.

4. Set-up a routine on oil ch.dge for pump and adhere to change
periods. Check oil visually daily to inm'xe that filter is operatin.

5. For the conventional explosive systems: Composition D, M
ex;losives, TNT, tritonal, picratol, cyclotols and octols there is no need
for a liquids trap, however, this must be considered for other systems and
installed where vapor pressure, temperattre, reaction products, etc., show
a need for it.

M Operations Hecuiring Remote Control

(a) Determine whetner or not a cmosietion belongs in this category
by examination of sensitivity data both of the mixture and individual
explosive ingredients, any avbmilable accident data on it or similar system,
type of mixing operation, possible reactivity, etc.

(b) These awd similar systems should always be rnotely mixed or
coapouned until experience shows the process to be safe:

1. Formulations containing appreciable nitrocellutose.

2. Formula-.ions containing nitrogl•fcerine.

3. Any mixture of an oxidizer, i.e. azmnoni'm perchlorate,
auonlum nitrate, etc., and an organ1. expl•,l•>ve with or without a metal
should be looked upon with suspicion. An oxidizer wlts aui organic chwtcal

Sa3•o be explosive.

4. Any mixture with a sensitivity in t2he range of Hi)X.

5. ._-4 mixture of an oxidizer and metal.
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.j _fr&,-.ng and sl'KAlar equipnent shoud a•.
by t--u t- v i: '-i'ing explosives,

m.o mixers

e. Mixing rolls

3. Kneaders, Sig mixers, etc. (ver, eal or horizontal type)

(d) All new explosive comzpositions or new explost-,..-, should be
examined as a pilot plant mix not a laboratory mix for senaAvity before
being adjudged safe for processing except -under remote control L¢-ditions.

(e) Since the materials used will be extremely sensitive it is ver-
important to make sure that mixer rotor blades have sufficient clearance,
that close fitting or rubbing part-s are eliminated and that bearinge or glands
are aj!wa-t outboed_ of the mixer vhere .,ontsmination with explosives can
not occur. Clearance should be sifficient to allow for loading aw temperature
changes.

Es Y PRECAUTIONS FOR WADIN

Lomdkn% 01!erations Enviivywnt.

(a) Maintain high atandards of housekeeping througbout all operations.

(b) Tloroughly clean equipment after each operation.

(c) Use flexible conductivc rubber buckets when containers are
necessary in transfen n exploeives -nd rubber is a satisfactory material.

(d) Avcid spillage.

'e) Use wood or soft alwuuinx rods mheu i rquirtd in the loadirg
operation, reactivity of the explosive permitting.

(f) aave available full protection to employees - gloves, protective
clothing (flame proof), face shields, safety glasses, face masks, reispirmtors,
etc., and insure that protective gear be used as required.

(g) Limit pereonnel to those necessary to job and keep amount of
explosivees to a milimim.
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.)KOMp cbami.d- eJ~xe-

,b, See M01e 6, :Vavtzum -..

S~~~~~~(a) All ex'plosivea pressiw r a '., ab,-,.c;• .. .,.,-"•,,"r

remote control conmitions.

(b) Check out die abo" ,.&. orking pressw "
2% graphite before u a d1l, for loading.

.0r a11 oT -. tions involved includi . ? , " remote

CoAtrol cam...n l
() when "I'. osIves walt at least .- ,al l j,,'Ior to leaving

*JC 13 '4e2Il of die pcx-La or i ~.r :f: the charge.barrele• pretection after. - "1

ear ,..us,.-.atso whenWe) Consider use of safety Si- - Ices zo. ,r•vent injury In
cortitions are sach that the.e protecti-,.
case of accidental 4etonation.

SAFET! P.CAIII'ON FOR OPEIATIONS P
(1 inur ta atnrecr*nt wz e., explosiveslnu

before disassembling %aolds, etc.

(2) Perform all machining, sawing, -har.j. operations on explos..
under romote control conditions until exper leni, evaluation of problems
and sensitivity data shoini operation ,i-eu ,. it be remotely controlled.

(3) Disassembly of explosive loM~td ordnb_"ce should be constidered a
remute control operation if there is at v question of hazard in the operation.

(4) Be extremely careful in t:..: removal of ,e•ers 41d riser friass,

etc. that explosive is not crimped tL 4,en metal surfaces.

SAFTY PIECAu•:;ONS F'OP ASSE0ILY

(i) All assembly operations involving ,rimping operations on explosives
such as booster cups, etc., shoald be done urner reaoto control couditio.j.

(2) Althou8A routine in baturc, aasembly of cover pl-tes, fuze veils,
etc. is extremely dangerous york unless supervisors insist aan -cntrol the
decOntmination o0' all threaded fittings and openings and plU wvlue
explosive can be twabject to extreme forces and friction.
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(3) The liberal use of a compatible grease Is a valuable adjunct to
safety in assemblies when there is a chance of contamination.

GENM.i•L SAFETY PRECAMTIONS FOR MATERIALS

(1) When powdered metals are used as a component of an explosive,
surface treatment of the metal may be required to reduce reactivity. For
instance the dichromating process will form a non-reactive costing on
atonized aluminum.

(2) It should be realized that materials which are norUally desensitizers
to explosives can becone sensitizing agents when used In other explosive
systems. For Instance wax used as a desetnitizer for HBX explosives will
function as a sensitizer or as an explosive component when used with ammonija
perchlorate. Do not apply information valid for are explosive system to
another without careful study and testing.

(3) As part of explosive assembly operations, use Is being made of the
latest adhesives, cements and fillers, including the epoxies and polyesters,
These materials cra '•e very. toxic, dangerously reactive and fire hazards,
see rcferences (21) thra.ugh (25).

FYROTECHNICS

INTRODUCTION

Pyrotechnic ccmpositions •'re physical mirtures of finely powdered
chemical cumpourds and elements wvh.-, when Ignited, can readily undergo
combustion (chemical reaction) vith the -volution of a considerable amount
of 'eat and light in a reintively short per.1 .•. or time. Various organic
binderb and color intensifiers may be included k. the mixtures. The reaction
may be accctr.:led by smoke and/or sound. The heat of reaction for one gram
of pyrotechnic cm.rVosition may range from 200 to 2,500 aci;-ies per gram
whicn represents an appreclable amount of energy. This amount ,f energy,
while considerable and oft--a extremely dangerous, is not generally &,,'eased
in so destructive a fashlon as the energy of explosives, except in the cta
of photoflash compositions and looee illuminant and igniter, c¢csltions.
This is so because of the relatively 1lo- burning rates urwa.'y required
of pressed pyrotechnic compositions and the fact that only a relatively
small proportion of the reaction products are gaseous, so that the releaed
energy is dissipated as heat and not conwrtAi to mech&vtical energy. However,
in tie researih and development of pyrotechnic cmipositione, it must be
remembered that louse compositions sach as photoflash mixtures, ign-ter,
'nd fast burning. illuminant compositioas may react with dertructive violence.
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This is due cismentiall& to these factors (1) the amount of air contained

grea ge at which tAhe eneM U samstimss be released and ()the high
heat of reaction: all these factors favor -shock wave formt-ton end, thus,
destructive effecte The temperatures reached during the reactions which
take place in pyrotechnic coupoItions raige from !.WO0C to over 35000C.

SAFMTY PRECAUZ7OES FOR W= WITH PCS

Hazards Mst Be Understood

Before uMnertaking a proJect %11 details wast be analyzed &-A
thcr.-hly understood. The chemist or chemical engineer should write a
plan of operatio•s with particular attention to pertinent szety precautions
to avoid all hazards. The plan must b discussed with Vie ,maservisor. If
available equipmnt or facilities are deemed inadequate for safe operation
as planned, the supervisor shoulA be so informd at this time. Defects of
facilities and equipment w1ll be corrected before procedirg with operations
in accordance with the plan.

Safety Eudiment Used in the Pyrotechnic laboatory

(a) Static proof by greinding all equipment such " tables, scales,
Ovens, processing and pressing equipment. Cover flors with a conductive,
non-sparking material.

(b) All electrical apparatus and wiring shall be as specified by
Article 4409 of reference (22).

(c) Non-ferrous spark proof tooLs shall be used in the laboratory.

(d) Ovens shall be equipped with covered heating coils and explosion
proof latches. The evens shall be equipped with double iermostat controls
to prevent overheating due to a faulty control. The relays, actuated by the
thermostats, should be set for "normally open" operation with respect to
heating p'mer supply.

(e) Eomdu in tlhe laborata•ry shall be equipped with a 1/2" thick
ledinated safety glass,

(f) Operatorb 3hall wear fire resistant coats and other fire resistant
apparel as necessary. .iilk, wool, rayon or other types of clothing known
to readily produce static elec.ria caraes shall not be worn. All operators
in a pyrotechmini laborator. shall wear ajpproved conductive soled, non-
sparking safety shoes at all tLaes. Approved safety glasse.- or goggl-s
shall be worn at all times Gruunded bracelets 9)a&U be worn when worktire
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with static electric sensitive materials. When the work involves
experimental compositions which ma, flash or explode, the operator shall
be emL-14vma4A ya4fl f 4,. VwMVlaftn+ CYf%1Or A.Ja A On AMVVWAvA A.4.4+, C0A . ti
safety shield should be interposed between the operator's face and the

7UZce --f hzed.A -- aie-1.' -m --- tha ri. flas c=.¶nde

the shield may be worse than wearing no shield.

(g) Fire-fighting equipment - All laboratories shall be equipped
with approved fire extinguishers placed in strategic locations. 2he
anployee3 should be trained in Uite use of the extinguishers and each
employee should be assignec a station. Fire blankets and safety showers
should be strategically located in the laboratory. No attempt should be
made to extinguish any fire that causes any danger of an explosion. Every-
one should evacuate the laboratory or work area in accord withh a plan
established after practice fire drills.

Safe Operational Procedures in P rotechnic Laboratory

(a) Liait the degree of hazard involved by conducting initial
experimeuts vith the smallest amount of material possible. Properties of
new t .'.'... .. X......,; I, determined are; compatibility of ingredients,
electrostatic senttivity, impact sensitivity, friction sensitivity, ignition
temperature, and vacu,= stability at a suitable temperature. Keep the
results of these sensitivity tests on record along with any other information
pertinent to the safe handling of the caopositions. See that this information
is passed on for use in prototyp n and production operations.

(b) Quantity limits for rc-x-s an i areas should be established and
those liraits sho'.ild never be exceeded, This rule is not to be construed
to eAxcus te presence of qua.titie& la;ger than necessary for the wora
at hand, even though the limits are not oxceeded.

(c) Pyrotechnics, like explosives, urder Uie ig ht conditions can
release tremendous amounts of energy per small unit of weigh.. Expevinrents
should never be left unattended and it* the material is likely to be
hazardous a placard should be mounted notifying fellow workers of the type
of material and the hazards invol:.ei.

(d) Pyrotechnic compositions must not be ground or crushed by mV•"
method which may cause Dpact or friction., If the material is very
sensitive, the wet method of mixing should be used. Quantity mixing must
always be controlled remotely.. Small scale mixing shoutld also be remotely
controlled. Mixers should be provided with. means for remotely controlled
discharge of mixer contents. if cbservation of these or aw other operations
remotely controlled is required or deaired,the Naval Ordnance Laboratory.
White Oak, Md., highly reccmmends cloe-ed circuit television. Won-flammable
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solvev ts SIti7A be used in this method of mIxIng. High order exploslons

have bee.n caused by the uae of flammable solvents such as acetone.

(e) Never charge ovens iwith Incompatible materials. Avoid leavlzg

sen& Xtive matra~ls "- a-o+7 ,ven. nv.r-night and over the veek~end.

(f) Ebtre.Yl" sensitive materials shouli be dried in a hgh vacuam

at tmAperatur not to exceed 600C.

kg) No experimertal or hazardous laboratory work shall be conducted

in the pyrotechnic laboratory unless two people are present an at least

one of these mast be experienced in -or.k with pyrotechnics. Theae two

=mat be separated so that we danger of both being injured by the seaw

accident is avoided ". much as possible.

(h) Good housekeeping shall be nbserved at all times. Materials

spilled shall be cleaned up immediately. The individual working areas

shall ie cleaned up at the close of every vorking day. Residual chmaicals

or compositions shall never be thrown in waste baskets, general purpose

waste disposal cans or d wn drains., Waste materials shall be ke-pt

segregated and sent to the burning pit at frequent intervals along with a

scrap report itemizing the materials being scrapped.

(i) Avoid physiological hazards. Many oi the pyrotechnic cmponents

ean produce harmful physiological effects if the materials are inhaled as

a dust, ingested by way of the mouth, or if allowed to caw tn contact with

the skin. Wear approved respirators in dusty operations. tating shall not

be allowed in the laboratory prnper. Approved protectivs clothing shall be

worn to reduce stin contact with pyrotechnic materials. Uaerever possible

dusty operations shall be performed in a hood equipped with a good exhaust

system. Laboratory workers shall wash thoroughly before lunch an at the

end of the vorkiag day to remove any traces of materials which may cause

adverse physiological effects.

Hazards in the Spcific Pyrotechnic Fielde

The iyrotechnic compositions are used " illuminants, smokes, flares,

delays, igniters, infrared flarea, incendiaries, tra.!ers, heat powders,

photoflinsh, and simulated amimnition compositions..

These compoaitiOALa consist of a finely divided metal, an oxidizer and

a binder. These ccmpositivae are sensitive to impact, friction, static

electricity, open ;lamei' or spar-,,. The sumsL metals employed sre magnesium

s..'x alm i arm or an alloy of the two.. qAi% nitrate is ecamonly used as

the oxidizer., Paaaffin used as . binder in oliier foi-ciaitiono has been
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largely supplanted by syathetic rtsins. Zven the standard illiminating
compositio:.s can be very hazardous., Their potential energy under the
right circumstances can be released with destimetive violence. Experimental
compositions can be even more hazardous. Initial experiments shou.Ld involve
tt.e smallest, amomts ptsfible un'.il. senaitiVlt tests a- In to ett,,ine.

the extent of the pote.ntial hazard. Operations involving the.ese ccmpositiowa
should be conducted behind 1/2" thick laminated safety glass, equivalent,
or better.

mi~xing

Illuminating compositions shall not be mixed by means of the mortar
aeu pestle or by any other means which would subject the material to

friction or impact. All apparatus used in mixing the ccmpositions sh•uld
be v•-e. grounded. Spark proof materials should be employed whenever possible.

The oxidant and the metal should nit be mixed dry unless a nmo-friction
t-ype of mixing can be employed. (Ten pounds of sodium nitrate and magnesium
detonated, destroying a 36" Simpson mixer and creating extensive damage to
I8" thick concrete walls).• The safer procedure is to coat the metal vilth
the binder prior to addiug the oxidizer.

The never binders used in il',minnting compounds usually consist of a
syathetic resin, a polymerization agent, and a catalyst. The chemist or
technician shall be thoroug•ly acquainted with the chemical, toxicological,
and explosive hazards involved in work with these binders. The proper time
for addition of accelerator must be determined.

FlaemabLe sol'vents shall not be added to illuminating compositions to
_ improve mixing procedures. Such a mixture with acetone added to the binder
has been known to produce en explosios of h•gl order.

All molds and tools shall be of spark proof-materials. Molds and
rams are inspected before use to insure they contain no foreign material
and that they are free f.om burrs which rn.ight cause friction. The mold
shall be placed in the holding device and the ram brought dove to eheck
for proper aI tgnment. The pressing shall be performed behir4 s 1/2" thick
laminated q.,'ety glass and wen possible by remote control. If the body
being pressed containa more than one composition, keep the compositions
separated, pr.t'erably ty baffles. The welghing of the compositions shall
be performe& at a safety distance from the pressing operations. Pressed
bodies shall not be allowed to accumulate but shall be r!noved from the
~I~weiaTe pre3,-in* Ltu an ".Uey are completead The. base of the press and

the working area shall be swept at frequent intervals with static proof
brushes to remove axy flo--by or spilled compositions. Ram removal must
be remotely controlled.

6ýi
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Smdoke Pnqiacing C.Mp5 It ions

These pyrotechnic signal compositions are designed to bum to produce
as MfCl Smokeu *a m .iOble, - &rniTn uaual]Uy Lme lp1aee leas enriegetics, y

than with other types of pyrotec~hnics becaufe at lover temperatures less of
the solid smoke particles are .onsumed. Nevertlieless, the precautions
appliwl to mixing and pressing Mluminants and Iflares imust also be observed
in mixing and pressing smoke compositions.

There are several, hazards that should be the subjects of warnings to
those who work with amoke composittions. First, aome of the smoke ecompositions
contain red. phosphorus. Prermwb ions which oust be observed In working with
red paiosphurws iaz uzriur W avc-^A fl ire or injury are descri~xem In detAil in a
later section of this manual.

Another special. group of hazaxrds is introduced by the use of salts or
chloric acid, the chlorates. Potassium chlorate is the chlorate generally
used. The chlorates almost alwaays increase sensitivities of smoke
compositions to Lcpatt or blows. Also comzpositions containing chlorates
usually can be very easily ignited. These effects were discussed by
T-ving Kabik in -eference coi

Cs

Sowe of tie ingrcdiernts of smoke compositions introduce special
physiological hazakds, especiAlly the dyes used in colored smokes .ý Specific
information about the toxic properties of these dyes and of other ing~redients
can usuall be obtained fres their makers, reference (27).

Oter instructions about production adtesting smoke campositions are
given below.

As noted potassium t-ilorate can f~jru dangerous explcaive m±i~xtures vi'~b
organic compounds. For this reason smokes should be mixeci in two stages:

&Mak a proswix of retardant and oxidizers, to this premix add the fuel, dyes
and volatile solvent. After mixing and prior to g~ranulation, the smoke
caqositions should be dried to complete evaporation of the volatile solvents.
If thes toposition is dried In an oven, a forced draft oven heated by stesam
coils or a vacuum oven should be used at temperatures below 600C.

Ina.AQuCb as smoke compositions may present explosive hazards their
Impact sensitivity mturt IV, determined before production is undertaken or
begun.
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Befrre experimenting with red phosphorus formulas read the hazaxds
and precautioary neasures listed under red phosphorus. The main hazard
to be avoided is the Ignition of the phosphorus or its compositions by
spark or friction. Do not use brushes with metal ferrules around the
precision balances while weighbing red phosphorus.

Flare Compositions

Flare compositions are designed to produce white and colored light in
various signaling devices. A typical flare formzula s tI t used to produce
the red flare. It consists of po•auslum perchlorate, strontium nitrate,
magnesiu= coated with paraffin, heaxhlorobenzene and gilsonite. The flare
formulas are similar in sensitivity to the Itl•¶•eants. All the precautions
observed under ill1inating cmpositions should be strictly adhered to.
Chlorate an perchlorate oxidizers are comonly used because they are also
color intensifiers. The hazardous properties of these two classes of
compoumds are given in reference (26)

All of the safety preLautions listed under the chlorates ani
perchlorates must be strictly adhered to. The fuels and binders are
premixed, the oxidizers a. other components are premixed, and the two
premixes blended to form the flare compositions.

D9ela Comlpositions

Delay compositions czmonly used are the so called gesless type,
consisting of a metal as a fuel and chromates as the oiidizer. The
sensitivity of deWay composittons is similar to that ý.f the flares and
ilumInants. Zxperimental delay powders can be very hazardous depending

o th~e metal Ud, 4*.- -4.-r- s4e- , 4u- -h- used. Delay vork
is mmae more haza.Aous because mnyw of the delay compouitions require
very sensitive igmiters.

Mixing .eo..Ations should be performed using rmnotely controlled,
non-friction type of mixer* installed behirA adequate shielding.

Operutcrs should be equipped with proper clothing and safety devices
including fire proof gloves, conductive soled safety shoes, safety glasses
or face shielA skil grounded bracelets.

Experlment&I formulatioto mixed by hand should not exceed 5 grams until
sensitivity tests are run to deteralne the hazards involved. These
experimental formulations if ttey mtut be mixed by hand should be performed
in the hood behind 1-Inated safety glasa with the exhaust systea on. No
mixing operations shoIlA be performed by a grinding or crushing action.
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During weighing of delays keep the components separated sufficiently
far apart &nd separated by baffles to avoid a spark jumping from one con-

tsierLvacait&gr.Tcst groall~ devices. Use-pr proof spa~tul~as.
Keep a safe distance between veighing and pressing operations. Limit
cOmpoonts to 25 grams.

During pressing, observe the same Laafety precautions rec ndiu l
for pressing ilum 4.nants. ?.e-ove presse' delays fron pressing area.

Use static proof brushes frequently to remove any spilled1 comaosition
ariund weighirg or pressing areas. IPerate press from behind 1/2" t1i ik
laminated safety glass.

TI-Rters

The saw precautions shou~l be observed in igniter work as for
illuiminants and flares. When +,itaniu=. .i-?oriim or other similAr fuelo
are used greater preceations must be taken. These Ignition compositions
uain. titaniaii and zirconium, or othner very sensitive fuels, shouU be
mixed under a non-flnzc-ble sos.vent, if possible. The igpition devices
should be loaded wet and the units dried in a vacuum oven under argon.

Zirconium and titanium compositions are very sensitive to static
electricity and may be exploded. by a static electric spark. Zirconium
and lead dioxide Igniter compositions are examples of very sensitive
•compositionq and have been known to explode. Boron and potassium nitrate
have been known to explode causing injury to workers, as can any finely
divided fuel and an oxidizer.

Infrared flares are ccapoeitions consisting of a finely divid etal
and oxidizers selected to emit energy in the infrared region. Safety
precautiort nobas-rved In illuminant and flare operations are applicable.
Remotely controlled mixing is mandatory. Extra caouti =it be observed
in avoiding breathing of the fumes from the burning flares since they
are very toxic.

Tracer cmpositions consist of an oxidant, a fuel and a binder. A
typical composition consists of a finely powdered metallic fuel, strontium
nitrate oxidant, land polyvinyl chloride blndyer an color intensifier.
The sam precautions observed for illuminating capositions shall be
observed for tracer mixes.

Photoflash co .OasiiM &.ii c=-.Pa .- 0 iunely divided mtals, an
oxidant, and a depressant. A typical coupoeition cosists of powdered
aluminum, barium nitrate, and calcium cteaArate. Duch mixtures are very
sensitie and can detonate with great violence. All of the explosive ard
pyrotechnic safety rules should be observed in pbotoflash operations.
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i'eat powders consist of high energy metallic fuels and oxidizers,
usually chrosates. A study of reference (26) will indicate the hazards
involved in handling the components. All the pyrotechnic safety regulations
must be followed, with particular aLtention to protecting operations
ag inst stlaic 1 ."• '- a.. s-' of _2r k_•Ind.

Incendiaries may involve pyrophoric fuels, phosphorus caqpositiose,
thermite mixtures, jelled gasoline. or other organic fuels. Fire hazards
are of the highest owdAr; explosive uan physiological hazards are als]o
involved. All explosive and pyrotechnic safety regulations ust be
fPClo-eA.

Chemicals

A large and Important part of the knowledge required to insure the
safety of those working with b igh energy materials is a ccplete knowledge
of the properties of the specific chemicals used. Because the list of
-'emical materials for the production of explosives, propellants, and
pyrotechnics is long, and growing longer, it is not possible to include a
satisfactory list. Also, it is not believed possible to include a complete
lipt of chemicals for pyrotechnics together with the information required
about these moterlals. Much more comprehensive information can be obtained
from - text such as reference (2). The bibliography herein gives many
sources of information about +-1h dangerous properties of chemicals and how
workers my be protected. Many of these sources are chemical manufacturers
from whvau current infurmation about their products can be obtained.

Red Phosphor-us

Red phosphorus is an liportant and frequently used ingredient of
pyrotechnic composition,. Because it introduces a variety of technical
he.za.rds soLae of th.e-e awe described_ bW.ow together with wys of guarding
workers agaln.t the. h6zard"s.

It is a daagerouo fire hay.ard. It causes marry of the toxic syrptams
of "w1ite" ]phosphonr, uumwr-,• call.d yellow phosphorus. It i4 easily
ignited by spark or friction. If the white phosphorus content is excessive
it may ignite spontaneously when exposed to air * It is dangerous if ingeated
in quantity, or if small amounts are allowed to get into the boly over a
long period of tire. It should never be allowed to cam into contact with
the eyes.

Precautions

Keep adecuate supplies of sand and viter on hand to extinguish fires.
In case of a red phoqphomis fire, sa.•urate it with water or sae
imaedlately., Do not attempt additional operations in any area where a
fire has occurred "rti, r,... m•c-:;taminaVion has been coupiclc-.4,
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In case cf a fire Lvolving people, extinguish the fire With copious supplies
of water. If burning phosphorsis has come into contact witQ clothing, either
remove it, or keep it wet.

Fvr deconumination of work areas following a red phosphorus fire:
(1) The bulk of the partially burned or contaminated material should be
moved to a propor place for safe burning, all the vi.le keeping the partially
oWrsl aiUt~erim-1 LL~.~ ww Ouovcstu WIU Z!Y;v=t. (2) Wa~sh down area
"with large amunts of water, then wipe down walls and floors with a vegetable
oil. (3) Inspect the building after dark for white phosphorus residues vhen
their pnospnoreacence -mKax Them visible.

Keep any area of the body which has been in co-ntact wvth burning
phosphorus vet or submerged in water. Wash the burned area in 5% solution
of copper sulfate and obtain a paysiclan's services immediately. Do not.
apply unauthorized salves, ointments, or greases as they onay spread the
contamination.

If red phosphorus enters the eye, wash it out using a bubble type
fountain or inver Aed faucet. Use large 4uantities of water. Then irrigate
the eye with castor oil, Do not use copper sulfate solution in the eyes.

If burning ree phosphorus enters the eye, wash eye out with water aid
call a doctor right sway. Continue washing eye till doctor arrives.

Small bandages Impregnated with copper sulfate should always be on

hand when red phosphorus is present.

Keep work areas clean. Dump contaminated material immediately in
water.

Use only non-ierrous tools to open red phosphorus ccontainers to avoid
hct sparks. Wesr a pad respirator when haniling bulk red phosphoruis.

Keep hands away frmu face and vash thoroughly before eating. Do not
eat, drink, chew gin or tobacco or yn•rthing else while in a red phosphorus
area since ingPettion of red phosphorus may cause severe toxic aymptoms.

Never mix waste material irom a red phosphorus operation with other
waste materials, since this may result in fire or explosion.

Persons working with red phosphorus must not enter buildings other
than those designated for red phosphoru3 work, since contaminated clothing
aia1 ahoee coald result in a serious fire., Clean equipment and work areas
thoroukgly at the end oi each deý, for preve:rtion of fire.
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For decontamination of work equipment:

1. Remove material as stated above in itep number one.

2. Disassemble equipment and clean all Darts dith trichloroethylene
in a prosperly ventilated work area.

3. Allow parts to dry for 16 hours.

PROPELLANTS

IN•0UC MrION

Solid propellants, like pyrotechnics, to be effective must release
substantial quantities of energy as heat plus large volmes of gases The
energy of propellants is released during longer periods of time than the
energy of explosives. In spite_ of this slower energy release from
propellants it is fast enough so that in case of accident thte remsting
destruction may appear to be equal to that of an explosion. In fact, after
viewing an accident involving propellants, it is often very difficult to
believe that an explosion did not occur, and in fact, explosions do occur.

The hazards of propellant processing may be greater than the hazards
associated with the finish .d product. Also there may be hazards associated
with processing a new propellant composition th..t have nevb•"," h prevIOL,,lv
encountered. Therefore, easential information for innurance of safety must
be obtained by working on a sall scale and by exhaustive tests of the
product before undertakirg larger scale work.

The Naval Propellant Plat Gesigned the foll]'wvng procedures for
obtaining such essential Infor-iatiar, at each and evpry stage of operations.

SAFETY MMTqCA•fONS UWD FOP PRELIMIhARY MIx.-L AND TESTING
OF NIN PROPELLANT INGFRDIENrT

General

In preparing a sample for tests, and testing, to evaluate a new
propellant Ingr-adient it is assuned that safety hazards exist in all
stages such as grin.ding, mixing and heating.
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Sfecific Test erd Procedures fcr Proiellants

(a) Impact sensitivity tests are sade on all samples before handlir,&.

(b) Friction sensitivity tests are made on all csaples beforce
banz~ling.

(c) When a sample Indicates a high degree of sensitivity to npact
or friction, express authorization should be obtained fron the person in
charge of the project before attempting to grind, mix, or heat the materUa,
&A if so authorized, maxim= attention to safety precautions =at be
maintained.

(d) Grinding is done in a ball mil operated by remote control and
located behind a safety shield. No more than 5-10 grai quantity is groundi
at am one time.

(e) Mixing is done for tvo hours in a container attached to and
tumblid. end-over-end by a 6 rpm motor, remotely controlled, and l1cated in
an exhaust hood and behind a safety shield. No more than a total of 1-2
gr•ms of an ingzred.ent or mixture of ingredients is pricessed at a time.

(f) Ignition or explosion tcqerature is measured by heating a 1 g.
saWle in a test tube held in an aluminum block vberein a thersuater and
an electrical heating unit are contained. The assembly it located in an
exhaust hood behind a safety shield. The rate of terrsature rise is
controlled by a remctely located 5 ampere vwriac. A cathetcmeter remotely
located is Lsed t- uike -c t-e-rntus- areAings.

(g) The temperat.iure at wbiih the sample Ignites or explodes and any
other prelirinary test data are tabtnated to provide an evaluation of the
hazards in handling and usir-g a particular ingredient.

safety EMI'.Ydtyvtt

Goggles, gloves, aprons, maks, safety shoes, safety shielde,
remotely control Led appAkratus, vire screening and exhaust hoods are to be
worn or used unless ex.erience indicates such are not needed.

PROCESS REVIE•

General

Prior to the develolment of any process beyond laboratory stage that
is a departure from an established program, a Procwss Reviti Board should
consider it camei'xlly. This board shoula review all )mown characteristics

and properties of the ingredients and steps to assure their control.
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Pilott Plant work will riot proceed until. Lhis bocar has given its approvral.
In turn such. processes will not proceed fr.-a p1lot plant stage into scale-
up production until this board has reconvened and evaluated findings from
pilot plant work.

Functions and Responsibility of Review Board

The board will revirie critcally all findings from tests, studies,
and evaluations to determine adequacy and reliability of information
supplied or required bj tbis Section. Following appraisal, it will
prepare a record report recommending approval of proposed action or
modification to proposel ixor submission to Management for final action.
The Review Board will determine awequacy of the following:

(1) Knowledge of physical and chemical properties.

(2) Hazardous Information relating to materials produced and the
process controls from a toxic, fire and explosion siandpoint.

(3) Anaaytical procedures and control techniques, etc.

(4) $�,�r�~iance procedurea during storage to detect possible

breakdown or degracitttion.

(5) Handling and transportation methods.

(6) Waste disposal methods.

board MEmb-nsh

The board, as proposed by the Naval Propellant Plant, should be
composed of the following with mod'ification made to adapt it to
organization of other establishments.,

(1) One analytical clemist.

(2) One Safety Engineer or Safety Officer

(3) Head of luspection or Quality Evaluation Division

(4) Director of Pilot Plant or Director of Production

Meetings

The board will convene on call of the chairman following proposal to
proceed in development fraz laboratory to pilot plant or proposal to
proceed from pilot plant into productlon.

7(I
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FUVN•ENTAIL OF SAFETY FOR EXPERDONA
pROLESSING, ILA -I~ AMl STORAGE OF

HIGH ENERY MA1TflIAIS

This section of this report was contributed by the Naval Ordnance
Test Station. It expresses ideas of the fundamentals of actions 'Which Wini
insure safe operation in the laboratory, in the pilot plant, and in the
plant where production of hi&h energy material in being established.

PREFACE

Research and development organizations, such as the Naval Ordnance
Test Station, doing work on new propellants, high explosives, pyrotechnics,
and other high energy materials have attempted to abide by safety rules
and safety aiielin es developed primarily for production organizations.
While this procedure has worked reasonal 4well in the peast, there is
concern about the adequacy of current safety guides for the present and
the 1hiture. Guidelines developed for prcduction tond to fit well known
materials am. well established practices but they cannot be expected to deal
adequately vith all problemm in new areas of work. We have entered Into a
period of rapid changes where the materials being worked on are considerably
different and some Pre more hazardous then the materials worked on in the
psaL. Therefore, it is believed that charges are needed in the approach
to safety in research and development organizations. It is also believed
that research and development organizations need guidelines that are
f'Axible and allow safety decisirm-a to be made as close to the point of
greatest information as possible. In the final analysis, it is necessary
to depend on the personnel working with new materials to analyze their
safety problems and develop safe procedures for new areas of work there
there are no eact procedents.

The objectives of a good safety program for work on high-energy

materials ure:

(i) To minimize hazards to personnel and prevent loss of lives.

(2) To prevent accidental fires or detonations.

(3) To minimize possible loss of equipment and buildings.

(4) To reduce accidents typically occurring in almost any laboratory
or operation.
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The following statements are generail guidelines that are relevat
to work on almost e'very material that is capable of sudden release of1
chemical energy and chemical products in sufficient aaounts to be harmful
or dangerous.

These guidelines are an organized seL of fundanentals of safety on
which there is general agreement, among experienced technical, safety,
and supervisory people, that the fundamentals are an applicable and
necessary part of an explosive safety program. These fundamentals avoid
stating exactly how an organization is to perform its responsibilities,
but they do attempt to point out wtiat the responsibilities are and to
offer general suggestions of the important factors to be considered in
hazardous work with high-enerW- .. aterials. The fundamentals by themselves
are just a startig point; they mast be put to worh and given concrete
meaning through thought, discu3s ion, and training sessions. Safety in any
situation calls for knowledge of the 0jaracteristics of the materials
being worked on, knowledge of the behavior and characteristics of equip-
ment and its possible interactions wit:. high-energy materials, knowledge
of the characteristics of people as they are, and knowledge of how to
design and =,Intain iacilities aM eqlaipment for safety.

Mhece 3afety fDandayientals -re intended as guides for preparation
of instructions and rules for specific applications and as dutles for
training perponnel coru.ected with work on high-energy materials. They
were prepared for use I1 reavr, t de:elopment groups working on
high-energy materials in viounts raa~inr from a few gramns to full scale
pilot plit -ioantities.,

The phrase 'hign-encr-gy materials anc trhe word explloaives" are
used here to cover the broad field oi propel lants, hi cxpl•cives,

General xbndAmentaLu

Accidents with explosives are caused bý' enerE, concentr-tions, such
as sparks, friction, impact, flame, hot objecta, *,%eaical reaction,
radiation, excessive pressure, and electro-ttatic discharge. Energy
concentrations anyvnere near initiating Leve!3 must ue Kept away from
explosives ex'cept whAen it is desired to iznite or detonate the explosive.

The initiation of e.ploive_- ts subject to probability considerations
With a ]ow levei of stlmulL,6, t) c probability of initiation can be small;
with a high energy concentratiu.,, the probability of initiation will be
much larger but :;iUL not certatn. kle J,'obabiitles at the extremes
cannot be deterni:oed vith accar:y irom a small number of tests. There-
fore, ii order to keep the plub:;i,1ity uC initiation low, it is 600a
practice ti, treut explosies as bently and as carefully as pos3ible.
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The above concept of probability is applicable to accidents in
general, because accidenta often involve a series of events that must be
falfillei for the accident to occur. Ort p.r=pose of a safety program is
to keep the chain of events broken.

When .ipecific knowledge is lacklng on the characteristics of an
explosive, he worst characteristics that might affect safety must be
assumed .

Explosives that are Pew to an individual or group working with
them must be regarded as extremely dangerous until their characteristics
are well known and the individual or group has became skilled in practices
that minimize processing and hanliing hazards.

Personnel Training and Protection

Important elements of safety are the formation of good habits; a
calm, mature environment; and tr-_ining based on previous experience in
the whole explosive field.

All supervisors of explosive operations must have adequate training
aud knowledge to maiutai•r safety of operations.

A man performing an explosive operation without direct supervision
must have sufficient training and knowledge to maintain safety of his
operetion.

L~~r~---a wOJ7n.u_ aafeaa -4-........

emotionally stable.

For persons working with explosives or observing explosive
operations, provide protection for their eyes, protection against fire
or Internse r@AlApt heat, means for Lutomatically discharging static
electricity from their bodies, and means for keeping their bodies and
personal clothing free of contamination.
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e-ean must be provided for safeguarding personxel from toxic materials,
fumes, "e other harmful effects. With very toxic me.terials, there may be
need for protecting people co-,lderable distances away who my or may not be
involved in the work.

Provide showers, eye washers, and other first-aid devices, whic& are
necessary Immediate aids in prevettirg further injury, in locations that
ame quickly and easily accessible.

Personnel working with toxic materials mast be given periodic medical
examinations.

Adequate tools and help for lifting, for performing operations, ana
for emergency assistance should be avalele.

Visitors unfmiliar with explosive operations or the explosive
facility must be esccrted by a responsitle person who knows what is going
on and what the safety precautions are.

PlainxRG and Prere'mtion

Data on praperties and chharmcteristtics of ri-w explosives to be
proce~ssed in laeer than mini•.r laboratory amounts zthould be eeviewed by
a qualified group prior to introduction of the explosive into a process.
Ibis data and reccomendations of the comuittee must be available to the
processi.g grjup prior to begisning work.

. .. -_ vees ahould be eatablished before
combining them as part of a desi ., for anto--., or for scrap disposal.

Having more than nae explosive in a processing building or bay at the
same time must be careb"lIy considered for hazards sxA done only for good
reason.

G3eneral operating g,,Idplines should be written for all new operations
to ensure that carefnl thought and careftil review have been exercised prior
to the start of potentially hazwrdoas work. The general operating guide-
lines may permit flexibility where Justified, but they must be reviewed by
one or more qualified, experienced persons.

Keep up-to-date charts and instructions in the optratlng building.
TIey cmi serve as ready references, as rmaiinders of procedures to be followed
and explanations of the essential features of eqauipment.
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Time =ust be alloved - even at the expense of deadlines and schedules -

for adequate thought, plA,-nirZ and preparation of hazardous opemrtions.

Within limits of reasonability ard practicability, the safest methcd
for IrocesIng w_ -ororkin' on - r.i~teriali ah•.A I usi_.

Any explosive operation performAed vitlh personnel exposed slould be
of each a nature that there is no detonation hazard, and vith ample
opportunity to escape unhurt in case of fire. Usually, operations in
closed vessels will be perforned remotely.

Responsibilities and Controls

Supervisors are responsible for the safety of operations and the men
they supervise. The safety-engineering staff is responsible for advising
the line organization on safety and is responsible for helping the line
organization to maintain high standards of safety.

Whoever rcognizes a bazardous situation is responsible for taking
steps to have the coalition corrected.

Scrap or ?.ate disirosal is a hazardous operation. The scientist
ov engineer whto nriginatea a new forualation is obligated to assist in
specifying disposal crmiitions and procedures.

Most careful consideration must be given to setting processing limits
such as sam temperatures, pressures, rates of macbining, rates of mix-
Ing, and rates of extrusion.~

Containexri of c-plusavea and explosive ingredients should be clearly
labeled at all times a• to their rontent and nature of haard. When
possible, label the explosive directly.

Explosive-processing or storage areas ahould be posted vith waranngs
to ,advise of precautions to be taken and how to obtair guidance.

Mtini•ization of Hazards

The number of individuals exposed to hazards should. be kept to a
minirmm consistent with operational requireznts and safety.

Alway;- work with, and in the presence of, the least amount of
explosive needed for the operation.
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Get as much useful data on as small a scale ae possible. it It much
easier to protect individuals and minimize losses with laboratory-scale
work than with fuUl-scJie work.

Check new equipmeut aal new procedurea with inert materials whenever
possible.

Cleanliness anid orderliness help to prevent initiation or the spread
of a fire or detonatinn.

Operations sh,_uld be conducted at all times with a view to•e-rd
m~ninmizin. the effects of accidental fire, detonation, or any other
hazard.

Only the immediately needed portable tools and equipment ehould be

retained in a processing room.

Tranffear~tton, % ing and Storage

With few exceptions, containers should be ised for transporting and
storing explosives,. These containers should provide delay of ignition
from fire, shcuad ttte,-uate shock energy, a.-I should protect against
contamination and physical damage.

When exiplosives are tranoported, precautions must be taken -to protect
persons and property on or near the roadwky. Precautions must be taken to
reduce the probability of an accident and to minimize the effects of a
.ossible tran-- ortation accAnt,

3hipping txploqiies to individuals or activities should be performed
by a grmp or individuals familiar with pertinent regulations governing
packaging, shipping, and handling in transit.

Before sending explosives to other activities, it should be established
that the activity in qualified, to receive and hrndle the explosive. The
receiver should be fully informed laitjlg of the characteristics of any
new or nonstandard explosive.

New or experimental explosives whose stability and compatibility with
o•ther materials have not been thoroughly established should. be stored in
small quantilies under conditions where possible ignition will cause
limited damage. These explosives must never be stored with 3arge quantities
of other explosives.

A periodic review of high-energy materials in storage must be made to
ensure against storage of theoe aiaterials for longer than their safe life.
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The design of~ new facilitiesi, new equipaent, and tuols shuuld receive
the same careful safety review is do new explosives. Des igners should
,-emrve the huiman factor from hazards by making~ protection as permnsent
and is automatic as possible.

All automatic safety devices such as fire fighting systems, inter-
locks, and warning signals should be cliecked it predetermined intervals
or more frejuentl~y.

Schedules of preventive maintenance shou'Ad 'De act up for all equipment
used in explosive operations where failure to In~stitute and conduct such a
proram can lead to processing hazard3.

Equipment taken to a shop for repair or adjustment 'must be freed from
explosives by a suitable deeonrtwnlnstion process. Shop personnel shoulAi be
war.-ied of added1 pe-Jo.ins '.o be taker. aLýring further ditdassembly.

All excplosives misL be removed &from a processing room when it is turned
over to a maintenmnce gx 3up vor repair or adjustm~ent .)f e juipwvt. Equip-
ment chat may be contmminated vP41-h explosives must be cleaned 3o that
repairs or adjIustments can be made safely. Mainten&nne personnel should be
given 'eamplete information on conditions that mnij)i. 'i'is:'. their 13a~ety.

Alt2iouh every reza,3coable effort has been made to decontaminate a
facility or cejuipIoen!, ank.one perrorming maintenance or repair work on the
equipwunt ý,oui proceed wit~h caution.

Re-porting Ace Aesits

The discernible facts associated with any accidental deflagration or
explooion must be rcepoited -.umpletely tual tauuraiL*2y 3o that other~i doind4
aiailar wirkr msy ho v'rr'e1 and an Ilat t-he bt-'it zorrective action may tz~
taken to prevent simib,.r iwelderata.

M4toor incideuts, which in themselves do little or no haa rrequently
L'ive warni:ý3 n!* rn-4uiperlos hai--r~i. These inctdents shoult be widely
reported in their significazi-e given thora.;ahj consisleration.

CoFplete rs-.orda of operating corvitions should be kept. _4hen
ac The nts orcur, the recoris & •r nn ei2.,rtaent aid in determining the
ctuie and in preventu I futy re v aevere Incidents, Critical temperatures,
pressuresd , puwer cuasumed b: motor, etc., hhcrLU be recorded
cortinuoura l vanlea poessible.

Rtu~et akn o ashp orA•pai o ajutmnt t e red r3
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SIM TM B .. M= LIST

The most important objective of this report Was stated in the
"Introduction" in the following, words.

"In summation, these wvicea require all workers with high enerK
coDur•ds " co .oziti= to lea-- and ,rdiderstel +the experience of. I .thcse vho have an 1_ •wLedga of the camwurA, cgomlition, or grocess

involve."

In order to achieve this objective it is helpful to have a list of
sources of information which will ensure that n one are missed in the
search for information. Such lists were discussed more fully in ',e
Introduction.

1. nbiective. The compound or composition to be prepered should
be stated here. Mhe scale or b.Iales of operation and amount of material
in each batch should also b- cta'.

2. ?rgptiles.

(a) Heat of formation and source of information.

(b) Neat. uf cumb,r auio &l wcurce of L-formation.

(c) Free energy of formation.

3. Public abstract literature.

(a) Chemical Abstracts (since 1906)

S•ubject ixlexes, anniu' and decennial

Formuila "

Paten t

4. British exice-! A-btracts (since 1925).

5. Chemisches Zentalblatt (since 1829).

6. A•gewsande Chem•e.

7. OriginAl publications cited in abstract journals. Record
Information foand in original publications.
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SJPLD&WW B (cnt'd)
8. Information found In text books with references to original

publ•atioes if given.

9. Technical publicatiown such as:

(a) Memorial des Poud-res

(b) Zeitschrift fur das gesamte Schiess- uMA Sprengstoffkesen
190&1904), (This has been contimed under another r .-- Sprengtechnik

10. Zxtenseve collection of classified literature ozd reports ere
available at the following,

Raval Oxrdace Laboratory (WO)
Picatinny Arsenal
Bureau of Naval Weapons Library
Armed Fcaes Technical lformation Aency (ASTIA)
Solid Propellant information Agency IA)

OS1) 2014 - Canpilation of Data on Organic Eqploslves.
(Declassified). Available (photomopy or microfilm at Libraxy of Congress).

ii. Personal conversations with earlier workers with the materials
involved.

The ebove Is not intended to be a complete chech iilt or to be
suitable for specific activities. Each aptivity is eavised to make a
check list uhich should be used with imagination. Reference (9) will be
helpful in making a check list for literature searches. Some details of
all information found should be given and failure to find information in
each source explained. Subjec t; cought iu the abstract journals should
be listed. Any an all other informtiou should be included. The result
of the search must be such that a reliable cc-iclusion about its cmpleteneua
can be awde.

All opinions about compatibilities of Ingredients should be included.
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SUPIamET C

APF•AWL FOR POTMIALL- HAZAMOUS OPIRATION

=Mr4CAL JADORIWORtIES - IIr nUlO PLWi ARTEA - -lg

rpoae oi Opfration.

Materials To Be U0e_:

aec ted Rang. of Conditioms: Temp. _ reesui.r Otbers_--

Evutaaent or arat: .. .....

&oeration Procedure:

Safeguards,:' ________________________

Location:

Personnel: ___ Expected D>uration of Program:

Do you consider the prmosed Drgram hazardous? If so, in Atat

respe~ct? ___________________________

Do you consider the above oateguards adejate?

Has a literature gearch been n-.de of the bazards involved?

If so, lis. pertinent referinces.

Submlitted - _________ Date:

Approved as listed above, with attached additianal precautions ad safeua.da.
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