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NOTICE: When government or other drawings, speci-
fications or other data are used for any purpose
other than in connectlion with a definlitely related
government procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatscever; and the fact that the Govern-
ment may have formmlated, furnished, or in any way
supplied the sald drawlngs, speclflications, or other
data is not to be regarded by implication or other-
wise ag in any manner licensing the holder or any
otker person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented inventioun that may in any way be related
thereto.
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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 splte of this slower energy release
from propellants it 1s fast enough so that in case of
accident the resulting destructlicn may appear to be equal
to that of an explosion. After viewing an accident involving
propellants, 1t 18 often very 4ifficult to belleve that an
explosion did not ocecur, and in fact, explosions do ccaur,

The h.zards of propellant processing are usually
greater than the hazards associated with the finished product.
Also, there may be hazards associated with proceszing a new
propellant composition that have never been previously encountered,
Therefore, essential information for insurance of safety must
be obtained by working cn a small scale and by exhaustive tests
of the product before undertaking larger scale werk. Whether
a new propellant formulation is detonable or not sliould be
established early in its development, The protection required
in working with detonable propellants 1is substantially greater
than in working with those which are not detonable,

Exhaustive product testing, while undoubtedly highly
desirable, willl reach a point of no return and, perhaps,
before that point 1s reached, interpose an intolerable delay
to larger scale productlon of mcre energetic propeliants,
furthermore, the demands for more and more energetic propulsion
require use of the most energetic ingredients compounded to
take full advantage of their avallable energy. Under these
circumstances 1t seems certaln that exploslons during processing
cannot be immediately eliminated. Because such incidents must
be accepted as part of first production, plants must be de-
signed so that property damage will be tolerable and injuries
tc employees and loss of 1life will be prevented,

PURPOSE AND SCOPE

Safety requirements are presciribed that are intended
to reduce the probability of property damage and bodlly injury
incidents during the manufacture and loading into rocket motors
of castable compositc propellante,
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NOLTR 61-138

Those who are responsible for the design of propellant
manufe:turing facilities and for their operation should observe
all the applicable admonitions presented in other sections of
this publlication. For the purpose of this publicatlon, 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, 1t is appllcable to colloid propellants
fe.g., cast double-base) that are used as ingredients in
composite propellant compositions.

Gulldling Constructicn

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

b. Construction and materials should be such that the
misslle hazard vwill 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 manuracturing
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.

¢. 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 io0of and
roofs shall be independently supported over individual bays.
In addition, vold space between ceilings and roofs shall be
kent to a minimum,

d, Exposed interlor surfaces of propellant sperating
.11ldings should be smooth, {ire retardant, and free from cracks
*<d crevices. Joints should be taped or sealed. When walls
+ 1 cellings are palinted, hard gloss palnt shall be used to
racilitate cleaning and minimize impregnation of finished wall
and celling materials. As a further aid to cleaning and to
elimlnate areas where explosive materials and other dangerous
materials may accumulate, a curved surface should be provided
where flooring and walls meet, and [lush-type construction
should be used for wall openings such as doors and windows,

e, Drains and sumps - All drain lines handlingz »ro-
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 bve free of po.'.2ts and
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have sufficient slope(at leas’, one-quarter inch per foot)

to prevent settling of propellants in the drain line before
Shey reach the sump or settiing basin where the propellants
are to be collected, Sumps must be designed so that sus-
pended solid propellant material cannot be carried beyond

the sumps by the wash waters., The design shall allow suffilcient
settling time based upon the settling rate of the materilal
and the usual rate of flow. The sump shall %e constructed

8o that the overflow will not disturb any floating solids,
The deslgn 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 avold the possibility of deposition
of propellants from sump effluent due te drying, temperature
changes, vr interaction with other industrial contaminations,
When propellants which are appreciably soluble in water are
handled, sweeplng and other dry collecting measnres 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 removable
ventilated covers to raciliiitave inspection for accumulation
of propellants, Waste 1liquids shall not be run into closed
drains and sewers, Inspections shall be made periodlcally
and the results kept on record, Dralns and sewers contalning
propellant waste materlials must not ve comnected in a manner
to empty such wastes into the normal sewage systems,

f. Flooring shall be of nen~gparking materlals and
conductive when required by paragraph 4207 of reference (21),

g. Control buildings must be dzsigned and located to
protect operators that will occupy them., Protection provided,
wall between operator and operation (operational shield), shzall
be relnforced concrete not less than 12 inches thick., Concrete
and reinforcing steel shall be as shown cn drawings approved
*v the Bureau of Naval Weapons, Both faces shall be reinforced
with rods 2% least one-half Inch in dlameter, 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
oprosite face, and should be approximately 2 inches from each
face, Concrete shculd have a designed compressive strength
of 2,500 psi and should meet Corps of Engineers' specifications,
Such an operational shleld constitutes adequate proterticn for
operations involving less than 15 pounds of detonable material,
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when the nearest part of the erplosive is at least 3 feet
from the wal. and 2 feet from the floor., A reinforced
conzrete wall 30 iInches thick is satisfactory for protection
against the effects of up to 50 pounds of a massed quantity
ol explosive or detonable propellant. When protection is
required a%ainst up to 70 pounds of massed explosive or pro-
pellant, 36 inches of reinforced concrete 1s required, The
adequacy of these operational shields, including thickness,
size, fastening, and locaticn should be proved by actual test
with a minimum safety factor of 25 percent above the maximum
charge before its use 1s permitted in regular operations.
Subterranean control shelters should be used for protection
of operators concermed with cver 70 vounds or explosive or
detonablie propellant. A concrete top with interlocking
reinforcing rods or other sultable 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 1its long dimension ic perpendirular

to the shielding wall, at least 3 leet from the wall, and

2 feet from the floor. Operations and control snelter must
be separated as required by intraline table of distances,
Tablz T7.11l, ref. 2i. If view of remotely controlled operation
is required, indiresc means such as television should be used,

Electrical Equipment

(a) The type and installation of electrical egqulpment
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 ve located in rooms or
buildings containing dust from propellant,f{lammable vapors,
or comvustible dusts which may Torm explosive or flammable
mixtures with alr. When, for practical reasons, such in-
stallztions are necessary, the equipment cr devi:c must be
approved for use in Classes I or II hazardous locaticns and
shall be dual rated if both hazards exlst, If dual rated

quipment 1s not obtainable and the hazard of one type of
alr contaminant 1s greater than the other, equipment approved
for tne more hazardous conditions should be used.

(¢) When 1t is necessary to install lighting fixtures
that are approved for use in Classes I and/or II hazardous
locations, lamps which raise the temperatures of exposed
surfaces above 228°F shall not be used.
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(d) These provisions shall not preclude the installation
and use of elcetrical grounding circulits and static grounds
in propellants operating buildings.

Ventlilation

(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 scurce of vapors or dusts When celling
exhaust is used, high ceiiings will aid in keeping the concen-
trations of alr contaminants low at normal working level,

(b) Air-conditioning and cirzulatlng equijment shall be
designed tc prevent alr contalning combustlble dusts from
being recirculated through the conditioning unit.

(¢) Effective means should be provided at all duct
openings at hazardous locatlons to prevent contamination of
the duct during periods when the fan or blower 1s 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.

Confor¢=Type Heating Units

(a) Radiation is the most commonly used and preferred
means for heating explosives buildings, The most sultable
types of radiators are those with exposed radlating surfaces
in the form of S-shaped smooth pipe or fin-type radlators so
placed that they can be easily cleaned, Other type of
radlators are acceptable, but are less desirable because
of cleaning difficultles, Shlelding or guarding aliould be
used where radlatling 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,

(v) Heating pipes max be embedded in walls (except
substantial dividing walls) and flcors, In the case of the
floor installation, however, special care must be taken to
assure that the floor 1s free from cracks, crevices, and other
imperfections which will allow propellai.ts te collect around
the subsurtacs piping, TIn addition, consideration must be
given to the design and operation of ti.e system to assure
that crachks, crevices, and other imperfections will not
develop during operation as a result ¢ expansion and con-

traction, 69e
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(c) cConvection heating may be used, provided motors
are approved for use 1n both Class I and Class II ha.ardous
locations 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

Lightninﬁ protection shall be rvrovided in accordance
vwith Chapter 41 of reference (21).

Operational Shields

(a) Operational shields, constructed as specified above,
shall be utilized for the protectlon of employees, material,
and equipment. Design of these shields shall be based on
potential hazards involved, The shields as speciiied are
mandatory if detonable propellants are involved. The
apecifications should serve as guldes in the design of
operational shlelds tnat are ¥o provide protection from other
tyves of hazards {e.g., fire, rupuwure of pressure vessels,
and high-velocity high-temperature gas streams).

(v) The design of operational shields shall *ake 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 fallure of a vessel or case which
results in no fragmentation (1light 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
(1gnition of restrained composite propeliant filled motors,
with or without nozzles, and similar seml-confinement vessels
are likely to produce this type of hazard).
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(6) Hotors, with or without nozzles, that are
not adequately tied down may take flight upon ignition.

(¢) 1In the absence of reiiable data, the adequacy of an
operational shield shall be proved by actual tests before its
use 1is permitted. Results of such tests shall be made known

to the Bureau of Naval Weapons,

(d) 1In designing operational shields, special attention
shall be given to provision of means for adequate venting,
based on the rate of hot-gas evolutlon in the event of an

accidental ignition.
Establishment Layout

(a) Composite propellant manufacturing and motor lcading
operations shall be performed in a special area that is
separated from all other areas and the boundary of the
establishment by inhabitad building distances, given in
Tables 7.5 and 7.10, reference (22%.

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

(¢) Individual explosive buildings within a composite
propellant operating line shall be separated from each other
and from builcings 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 ¢f hazard
must be separated by the distarnce required for pretection
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
guantity of explosives in the service magazines and curing
facilities, Nonexplosives facilities (e.g., paint and solvert
storage bulldings) serving a single operating building may be
located at lese than intraline dlstance but not less than
100 feet from the operating building.

(d) Adjacent sperating lines producing the same pro-
pellant must be separated by intraline distance specified in

reference (21).
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(e} Batch mixing operations must be performed in
builuings used exciusively for that purpose. Small mixers may
be located in buildings contalning other operatiore, 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 poegsibility that Class 9 explosivesmmy be processed
in future operations.

Explosives Hazard Classification

(a) Prior to use in propellant manufacturing processes,
efforts must pe 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
from which explosives are excluded, and oxidizers which
produce prepellant compositions that are not detonated in the A
following tests, Both cured and uncured propellant must be >
used in tests to determine their jetonability. 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 plpe or other container must be at
least four dlameters long (1.e., at least 32 inches long)
and must have one end capped or welded to a metal base. The
following initia‘ors must be used for the tests:

Uncured Propellant

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

(b) Squid and 2 ounces of black powder
Cured Propellant

(a) Engineers' Special Blasting Cap with 30 grams of
tetryl only. The initlator must bLe placed one diameter above
the base of the container, equidistant from the sides of the
container., Juitable means must be provided for determination
of reaction of the propellant to the initiatora. Each type
of test must be performed at least five times,
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(e) If detonation or deflagration-to-detonation tests
\b) above, .eveal tha®t the uncured propeilant is detonable,
casting and curing operations involving the propellant must
he considered Class 9 exploegives hazards, If detonation tests
reveal that cured propellant is detonable, casting, curing,
and 211 subsequent vperations 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 rame effects) to an explosion
involving the warheads. Quantlty-distances are based on the
quantity of exp’oslve in the warhead plus the explosive
equlivalent of the motor. PFull scale tests are required,

{e) When warheals containing high exploasives are
ass-mbled to rockets or missiles with motors containing
Clats 9 propellant, quantity-distances are based on the
combir 2d weight of explosives in the warlieads and the motors.

Oxidizer Frocessingh

(a) General

(1) Safety regulations frr the safe handl of
oxidizlng materials as givep 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) Because of the danrger of contamination of
oxidizers all operators must ve 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 t9
elimiriate dust and contamination from outside sources,

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

¥
Cf. prior discussion of uxidizing materials on page 36

z01
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compatible with the oxidizers to which they will he exposed,.

The i ipes or duct systems shall be made electrically continuous,
Flanged pipe connectlions shall be used in lieu of threaded
Joints wherever practicable,

(b) Drying of oxidizing agents

(1) The maximum safe temperature for drying each
material &' 211 be establlshed and shall not be exceeded at
any point in the drying apparatus or drying room,

(2) 1If the dryer 1s capable of attaining temperatures
that zxceed the maximum safe temperaturz for the material being
Aried, dual thermostatic controls must be used to prevent
the established maximum temperature from being exceeded.
Temperatures must be recorded, If non-recording-type thermo~
meters are used, readings should be taken at regular intervals
and a record cof such readings should be made. Thermometers
should be so placed that the maximum temperature in the drying
room or drying apparatus will be indicated.

(3) Dust formation or accumuiation must be eliminatea.

(c) Screening

When screening 1is performed for process purposes,
screening equlrment shall be constructed to prevent the
oxidizer material from being subjectecd to pinching, friction,
or impact as a result ¢ 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
preasure shall be designed into the ble.der to prevent yupture.

{e) Grinding of Oxidizers

(1) wWhen impact-type mills are used, sufficlent
clearance shall be maintained between stationary and moving
parts to prevent metal-fo-metal contact. <JClearances shall
be checked as frequently as necessary to assure continuing
adequacy, but not less than once caily.

(2) Oxidizer material shall be passed through a
screen and magnetic separator for removal of extraneous
raterials, The screen and separator should te located tn the
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intake of the grinder or pulverizer. Screen openings should
he the smallest that permit free flow of the oxidizer.

Preparation of Fuel Compositicns

(a) The design of equlpment and methods of handling shall

minimlize the formabtion and accumulation of dust. If the
materlal being processed 1s toxic or flammable, adequate
exhaust ventllatlon and personal protective equipment shall
be utilized,

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

Mixing of Fuel Compositions and Oxidizers (Batch Method)

{a} MNMixing operations shall be remotely controlled.
Onerators shall be provided adequate protection zgainst a
potential explosion of the toval quantity of materials being
mixed. Not more than one production size mixer shall te
located in a sinzle building unless protective construction
wlll assure that an explosilon 1ln one mixer will not damage
other mixers.

(b) Oxidizer material must be introduced into the
mixer in a manner that wilil minimlze the formation of dust
and static electricity,

(¢) Effective means must be provided for preventing
extranecus materlals from entering mixers, When oy reason
of size, shape, process requirements, and the like, 1t 18 not
possible to screen dry solids before thev are charged into
the mixer, and introduction in a slurry form is impossible,
an inspection technique must he developed to prevent extraneous
materials from entering the mixer., Consideration must be
glven to such devices as magnetic separators, fluoroscopes,
and X=-ray.

fd) Blades and other moving parts of new mixers must
be ~arefully inspected {"Magnaflux", X-ray, etc.) for cracks,
crevices, and other imperfections before beilng put into
operation and periodically thereafter. Delow clearances
between agitator blades and nixer bowls must be determined
frequently enough to assure continuing adequacy, dut not less
than once daily. A record must be maintalned of mixer blade
adjustments an? evidences of damage t¢o mixer blades ard bowls.
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(e) wnhen consistent with process -oquirements, a non-
combustible cover musti be placed over the mixer bowl after
charging operations are completed, to prevent the accidental
introductic:. »i foreign object Mtothe mixer. This cover may
be lightwelg),. metal or screen with mesh no greater than the
minimum clearancea of the mixer blades, The cover must be so
secured to the mixer housing that gases or vapors evoived
during the mixing cweration wlll not be confined and that
exhaust will be azir'orded in the event of fire in the mixer.
Hoppers and other means for charging mixers must not add
to the confinement that 1s inherent in the design of the
mixers.

(f) Spilling or splashing of propellant during discharge
of mixers must be avolded,

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

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

Inspection must follow immediately after occurrence of any
event which could cause cracks, a wrltten record of
inspection must be made and preserved,

(1) Operators -%all be 50 stationed Auring dlacharge
operations that direct, unblocked routes of rapid exit will
exist for emergency use,

(J) Electric service to prepellant mixers must te
interlocked with f'ire protection system controls (1.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 rall into a2 mixer must
he drilled and thonged or otherwlse ~ffertlively secured to
prevent such an occurrence,

(1) Uniforms of cperat .s must comply with the require-
ment of Chapter 43 of reference (21). OCbjects such as fewelry,
pens, penclls, coins, and rings that msv 2ccldentally be
introduced into mixers must not be rermitted in the buiiding.
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Casting Compositve rrcpellant

(a) Cast.ug vessels under pressure will be capable of
withstanding at least twlce the maximum allowable working
pressure to which they are subjected. Periodice 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 whlch are evacuated In use,

(b) Casting vessel assemblles 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,

(¢) Lids must be secured to pressurized casting vessels
in such a manner that they will withstand the rated pressures
of the vessels, Frequant tests must be made to assure that
the locking device 1s functioning properly.

(d) Line pressure for pressurizing the casting vessel
must not exceed the working pressure of the vessel., Filters
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 dcsign must take
int» account the potential rapid rise of preasure wiihin the
vesacl 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 compressed 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
te malntained.

() When casting is performed by pump, rupture sections
nust be instvalled 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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(1) When mandrels are inserted mechanically, the
equirment must be designed to prevent metal-to-metal contact
batween the mandrel and the motor case below the propellant
surface,

(!) When pumps «re used, adequate protection must be
provided for the workers engaged in operations at the
propellant casting station, If the transfer vessel and
pump are at the propellant casting statlon, casting must
be performed remotely with operators sultably 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 belng 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) Meuns 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
shoculd be designed to avold rubbing or pinching of thin layers
of propellant between metal surfaces,

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

Detonatle propellants and motors containing detonable
propellants max,ongy be machined by remote control,

(a) Securing Motors

When operations are performed on cured propellant
contained in pressure vessels ogr rockst motor cases and there
13 a possibility of ignition, the veszel should be secured in
fixtures capable of withstanding the rated thrust of the
agsembly (based on 1ts performance as a rucket motor) with a
safety factor of 2,5 to offaet shock loads,
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{b) Threads

(1) where the design of a 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 assembllies and fixtures must exclude internal threads,
cracks, and crevices where propellant may 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 wich operators protected by
adequate shlelding i1f a possibility of propellant contamination
exists,

(¢) Mandrel Remoczl

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

(d) Machining of Case-Bonded Propellant

(1) Case=bonded composite propellant may be cut,
drilled, or othesrwlse machined in a vertical or horizontal
position. The most desirable poaition 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 adeguate protection for opearators,
and be capable of minimizing damage in event of an Incident.
Finely divided preopellant and propellant dust should be
removed by means of a vacuum collecticn 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 genevration 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: configuration
of tool, lineal and rotational speed of tool, tool metal, rate
of tool feed, aligument of tool, control devices, power
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sscurce, maintenance or replacement of tools, safe and effective
coolants, and dust and chip removal, The characteristics of
Individual picpellants to be machined must be consldered in
machine design because of differences in their physical
properties and initlating characteristics (e.g., provellant
exhibiting elastlc nroperties may requlre 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 cublcle,
If the design of the motor or grain or the need to reclaim
the propellant waste prreclude the use of either of these metlhiods,
waste products may be collected in a dry state at the operation,
The quantity of waste collected at the operation {when added
to that quantity in processed and unprocessed motors ir 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 cublcle,

(5) Operator and mate.,ial limits for machining rooms
and cubicles must be determined in accordance with the principles
outlined as follows:

The cardinal principle to be observed in any location
or operation involving explosives, amrunition, .evere fire
hazards, or toxic materlals 1s to limit the exposure of a
minimum nunber 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 expoaure, or the quantity of materlal subject to a
single incident, Determination of operator limits requires
that, first, Jobs not necessary to a particular hazardous
operatlon not be accomplished there; second, unnecessary
workers not be permitted to visit the locatlon; and third,
too many consecutive operations not be permlitted 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
translents, Key employees should be appointed as monitors to
assist in enforcing the established limits,

Determination of limits for hacardous materials requires
a careful analysis of all facts including operation timing,
transportation methods, size of the ltems, and Lhe chemical
and physical characteristics of the material, More strict
l1imits are required for the more sensitive or more trazardous
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materials. Limits must be established for each operation

rather than on an overall bhasis so that each worker may be
charged with the responsibility of not exceeding the established
limit, Limits need not be expressed ixn 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

easlly 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 room=z2, cubicles, and buildings containing hazardous
materials must 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 loucal 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. Likewlse, proper steps should be taken
to have excess people, when found, leave the premisea, ‘The
people and quantity limits {or buildings or 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 isolated location. Operatcrs must be protected by
operational shields and/or distance,

(e) Machining Ncn-Case-Bonded ¥Fropellant Grains

t{1) Propellant grains that are not case-bonded
should be machined to the extent necessary bhefore they are
loaded into mctors.

(2) 1Insofar as they are applicable, the requirements
in (d) above for machining case-bonded propellant also must
be met when machining ccmposite propellant grains that are
not case-bonded.

{f) Igniter Insertion

(1) The fcllowing requirements apply where the decign
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 conaistent 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 immedlately .
prior to insertion.

(¢) Process storage fac!lities that arn vented
to the atmosphere and designed to withstand tne 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) Electrizal continuity tests for igniters that are
in motors must riot be performed in the propellant manufacturing
and motor loading line. Such tests m st be perfcrmed 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 case must be supported by or suspended from
a common source or in some manner locked or tied together to
orevent independent movement of either,

(2) A comprehensive preventive-maintenance program
must be instituted for equipment used to move motors loaded
with composite propeliants,

(h) Disassembly

Disassembly cperations involvirs «3timhllies and
fixtures that have internal threads, cra.ks, ai.d crevices where
propellant may be deposited must be performed by remote control,
with cperators protected by adequate shielding

(1) Painting and Marking

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

(J) Reworking

(a) Lloaded components disassembly operations must be
separated from other operatione. 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.

(¢) 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 operatin; areas. Cured propellant
scrap should be kept under water and should not be ailowed 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 vecume contaminated
with oxidizer c¢r propellant must wear clean garments, Clothing
must be changed as often as i1s 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 mustc 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 tc flammable or toxic materials
ghould be required to take a shower at the end of each shift,

(v) Fmployees should be inapected when leaving the
change 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 bulldings must wear non-sparking footwear, All
persons entering areas in which conductive flooring is installed
ghould be equipped with conductive sofety shoes meeting the
requirements of Chapter 43 of reference (21),
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(d) Persous employed in dusty atmospheres must be
provided with and required to wear respirators of a type
approved by the U. S. Bureau of Mines for use under specific
existing conditicns., The dust concentration, expressed in
milligrams per cubic meter of air, must determine the
necéessity for ruch equipment,

(e) Flame-proof head coverings should be worn where
there 1s a concentration of coxidizer dust.

{m) Maintenance

Proper maintenance on a regularly scheduled basis 1s
essential to safe operations., Regula~ sciedules for checking,
adjusting, and repairing operating equipment must be established.
Only trained and competent operstors shall adjust, clean, and
repalr propellant crerating equipment.
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This report wes written in couplissce wiu a request trom the Bureau of
Naval Weapons for textual materiai 1or s mamual TO ©2 used in conaection
vith all kinds of work with high energzy vaterials; explosives, pyrotechnics,
propellants and related materials from the fivst small scale laboratory
experin :nts through the [irst stages ¢f production. Alternately, the report,
{teelf, may be used as & manual.

The woik was done usder the Buresu of Naval Weapons tssx mumber RUME-3E-000/
212-1/F008-10-00k4, problem assigmment .uzber 012, Study of Explosives
Froperiies.

In addition to the Mava. Urdnance lsboratory, four other Kaval activities
made rntributions on sssizn=d topics: tie Haval Amminiticon Depot, Crane,
Ind.; the daval Ormdnance Test Sta*izn. China lake, Cal,; the Maval Propellant
Plant, Indian Head, Mi,; and *he Naval Weapons Station, Yorktown, Va. Part
of the texts of these comtributions have beer incorporated. HNearly &ll the
contrilnted material which was not so used wes integrated throughout the
report. In the latter cases it 1s i.osactical to identify and to indicate
each specific credit. Thnese contributions were definitely helpful vhether
useld intact or throughout the text. All contributions wers gratefully
Teceived,

The asaistance of private indusirial establishmonts was solicited. These
organizations, mostly Depwrtmenl of Lefense contractors, were asked to
furnish thair safety remia! or sefety inst:ucticns issuel in other forws
such as lstters, memccanda, or cperating procedures. The following made
contributicns in response to the requests.

Aerojat- Genernl Curparation
Azcz) Propulsion, Incosporated
Caliery Chemical Comparny
£.1. du Pont de Nemour- & Cacrpamy
Hercules Powler Campewny
Holston Defense Corporation
Midwvest Reseorch Institute
Olin Mathieson Chemical Corporatinn
Fuillips Petroleim Campany
Rovketdyne, Incusporated
Thioksl Chemlicel Corporaticn
wyandotte Chemical Corporation

W. D, COLEMAS
Captalin, W%
Vomoand er
. P4 S (I,‘. t’.";:,,,/\, -

ALFFRT 1JGHTBODY ’
By direction
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EXPLOSEVES, TROPELLANTS AND PYROTECHNIC SAFETY COVERING
LASCRATORY, PIINT PLANT, AND PRCDUCTION QPERATIONS

INTRODUCTIORN

This report is being written to supply campleve general instructions
{or safe operations with high energy compounds, exprlosive or propellant,
Irom very small loboratory preparation through full scale production for
use. While both industry and the U,S. govermment have been the source of
many publications on explosives safety, none of these have been uniquely
Asveted to the sequence of operations required to develop new campounds
end new carpositiona through manufacture for production.

Tbe conclusion that there is a need for such a treatise on safety
in the later stages of development of high energy compounds and
campositions, may be developed by another reasoning process. The
regsearch worker who accomplishes the initial synthesis of a high energy
carpound or initial high energy cmpositions will achieve safety by
operations with very small quantities. This small scala operation wil®
be repeated. Since the operation is with amall quantities, perfect
protection by remote control or ahisldiag can be established., There is
no specific experience to guide the experimenter to assurance of safety
in these initial ocxperiments.

The initial small scale experiments will be repeated until a
sufficient amount of material has been obtained ard used for prelimirary
testing and evaluation. The information gained by thec: experiments may
Justify recommendation of a larger scals evaluation. The experience
gained in these initial experiments muat be used to insure the sefety
of those undertaking more advanced work. In case the werk with larger
quantities of the experimentsl high energy suhstances is undertaken by
persons who heve not done the initial small scale experimental work,
complete knowiedge of the first experisnce must Le scquired. In clier
words those who undertakée large icale work must be advised and required
to learn ALL the experience obtained in ALL earlier work. There is no
doubt that a considersble reduction of accidents and incidents would
résuls if 1l workers with explosives and propellants wvers to follow
aosolutely the sdmonition of the previous sentence. Reference (1) seems
to support this conclusion by the statement therein that the major causes
oI explosive accidents in research, developmeni, test, and evaluation
work are: improper or inadequate cporating procedures or processes;
falilure (o observe regulations; or failure to understand hazards.

The FIRST ACT of those who lncrecse the scale of any of the
folloving operations beyond amall scals laboratory experiments,
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MUST BE TG LBARN EVERYTHING KNOWN AoGUT THE EQUIPMENT USED, THE
CHEMICALS, THELR INTERACTIONS, AND ALL EXPERLENCE OF ?RIOR WORKERS .

1. Laboratory preparation of high energy campounds and compositions.
. laboratory preparation of pyrotechnics and focendiaries.

3. Pilot (semi-works) mamuiwcture.

L. Pilot (semi-works) loeding.

5. Production manufacture.

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

The procedurss prescribed herein are to be followed vhen any of the
above operations are concerned with any of the following:

1. Initiators or primary explosives.
2. 3Boosters.

3. High (secondary) explosives.

&, Propellants.

S. Pyrotechnics ard incendiaries.

6. High energy intermedistes.

The vord explosives, the expression high energy matarials, or cbvious
squivalents thersof used herein, will be understood to include all or any
of the list immedictely preceding.

While the admonition to obtain all pertinent pri.r experience before
undertaling similar operstions vill usually be in contemplation of larger
scale opuretions, %iis is not alveys trus. KNew operations with compounds
or compositions which are not nev may be concerned with equal or smaller
quantities than those of prior operaticns. Even thougn the scale of
operstion 1s not incireased or is decreased those who have not previously

worked with the campound or composition must learn about all the public

published information, clessified information, anl unreported or privately
record exper:!uental experience.

¢
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The previourly obtained experience and knowledze may nct ne

PO T RS 4o dla Bevmdeal? dn A FY
avzilable at the installation vhere additional work 45 %c e donc. If

the woik was done at another Navai or Department of Defensc installation,
it w!ll te necesssry to ob%aln all the experience uui reports fram the
c¢ker installationn. Thia should be done by study of reports first and
then aimost always it will be nenessary to confer at least once with the
previcus workers. Such conferences among other details, may elicit news
ebout incidents that were harmless but which under other circwastances,

msy nct te harmless and may cause personal or property . asage. Such
incidents should be thoroughly investigated and all dei..ls reported fully,

Knowledge cf British or Canadian experiznce can be obtained from
their reports or through thelrs service missions in Washington, D.C.

If prior work was done in a U.S. Government installation but the
experimenters have left Civil Service thsy may be employed on goveroment
aponsorad research at a private establishment. In this case it should rct
be difficult to arrange confercace time with the scientist or engineer
vhose experience is needed. Furthermcore, private employers carn usually
be expected to cooperate fully in allowing their employees to give the
govermment the benefit of thelr experience. This cooperation may be hsld
without pay but arrangements can be mede for govermmant reimbursement,
if required.

In surmary, knovledge of previous experience with high energy

compounds or systems cen e obtained under any conceivable circumstances.
In most cases such information is casential to safety of operations on

a larger scale. Therefore, it is strongly recommended that pilot plant
employees geek information and counsel “rom the laboratory or person,
irresnective of employment or location, having knowledge of the marmufacture
of the high energy material in question.

It is also strongly recoemended that the user seek information from
the laboratory or person, irrespective of employment or location, having
detailsd knowledge of tha properties of the high energy material in
question,

The characteristice of intarmediate compourds of any synthssis

m.st be koown u}a ualerstool s igtermediates may be more likely to be
dangerous than the produci. Surthermore, conditions during any synthesis
are more favorable to violent reaction or even expliosicn than the
conditions after the synthesized compound has been isolated as a pure
explosive.
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In summation, thezs sivices require all workers with high energy
roupoands and comositions *to learn and. ulﬁ..rstand the axperience of
ail ihoss who have dge of the campound, caumpor couposition, or process
involved. Furthermore, if possibl:, s demonstration of syuihesis or
process by experienced person or persons shcould be arranged. Such
demoratrations will c -jplement the information from persons and reporta.
Following the demonstration Ly experienced persons a rehesrsal with inert
waterials should be carried cut by thoss who will increase the scals of
operations and, if they are inexperienced with the specific campound or
operation, even if the scale s not increased.

So far only very general sdmoniticms have beea given. The ccnsiderable
anoemnt of detailed information sbout laboratory, pilot plant, and plant
hagards have not been menticned. More detailed statemants of safety
principles, personal responsibility for safe eperation, and explanation of
origins of harards are given in the following +axt. These nearly all
involve chemicals or chemistry because the .azards of work with pyrotechulcs,
propellants, and explosives are caused by chemicals and their chemistry.

Section 10 of reference (2) is highly recamnended as a camprehens.ve
source of information about the hazerds of 9000 chemicals or compositions.
The bibliography of Section 10 is given berein as Supplement A for the
convenience of the user of this publication. It shouid be noted tna.t
chvmical mamulactursrs supply much Informaticn about thair profucts.

Those who intend to underiake the production of an explosive or
other high energy compound or carposition are most amphatically urged to
collact records of all the experisnce concernirg the compowds or
campositions tc be produced. Now those who wisk to insure chat a group
or sequence of acts are performed vithout omiseicn make use of check lists.
Therefore, ic order to insure that all sources cf information and
expsrience sbcut high snergy compounds or compositions ar¢ consulted, a
check list should be made. A specimen check list is included es
Supplanmt B. Howevsr, each activity is advised to prepare their owm list
for their specific situation.

First 1tems on the list shouid e the thermodyvamic properiles of
the compound or composition to be produced. In fact, the thermodynsmic
properties will indicate whether or not the compound is a potential
sxplosive. Any corpound or camposition which is capable of a spontancous

#High energy compounds and compositions are to be understcod, oy readers
cf this report, to be compounds or campositions which will release moie
than about 80O calories per gram by burning or explosicn.

&~
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change with the evaluetion of a larcse amount of heat is potentially
explogive and shouvld be Lrenied as an cxpiosive. Heats of cabusticn,
detonation snd formation am free energy of forwation are useful as
stapdsrde for Juigirg whether a campound or camposiiion may explode.
~iege Jate awre aveilshle in references (3) thromgh {(8).

Heata of formalior given in the literature are conventionally marked
vosiiive if heat 18 requirel to form them from the elements and negaiive
if heat is Lost to the surrcundings duvring formation fiom their slements.
¥or example, acetylene contains more energy than the carbon and aydrogen
requized to synthesize it. To synihesize 26 unit weights of aetylene
requires 24 unit weights of carbon and 2 unit weights of hydrogen. The
hegt content of elements, carbon and hydrogen is conventionally zero. The
heat content of 26 unit weights of acetylenz 1s 54.19 kilocalories. There-
fore, the heat of formation, designated Ky, is +5L.19 kilocaiories. This
heat energy may be obtained by decomporition of acetylene and can be
released explosively under fevorable circumsiances. Considersble additional
energy can be obiained by oxidation of the carbon and hydrogen so releaszad.
The algebraic sum of the energies fram the two scurces is the heat of
combustion. The heat ¢f combustion of acetylene 1s 312 kilocalories per
26 grams. Tne reverse of the conventional use of signs, as stated in the
firat sentence of this parasraph, is sametimes followed. Therefore, the
reader is advised tc make sure which sign is5 used to designate sbsorption
or evaluation of heat durirg formetion of any campound from its elements.

If heats of combustion cr formation are not availlsble in the
iiterature these may be calculated from bond energies. These calculations
are not difficult. They are discusesed and examples of zalculations given
in reference (7).

The collection of thermodynamic information will be a pact of the
cxmprehensive survey of literature infermation about the specific explosive
compound or ccmposition. Literature surveys must be comprehensive in both
time ani space. The sources of literature of various nations have been
ccllected and described in reference (9) which is truly a guide to the
literature. There are saveral classes ¢f literature that must be searched
if one 18 to Ve sure of finding all the pubiic literatuwre. Undoubtably.
the nost comprehensive cource is Chemical Abstract whici: was firat
rublizked in 1007  Beginning with 1007, emphedadis hes haen placed on
carplets inciusions of twhe wurli's chemical literature. Searching
Chemical Abstracts can be done expediocusly because of the anthor ard
gubject indices which have been published iv and decennially.
Britich Chemical Abstracts, established in 1926, is another abstract
Journal in Engiish. Chemlaschas Zentralblait, established ix 1830, is
veluable because of its eerly appearsuce, Zentralblatt wes spelled
Ceatralblait from 1855-1597. Ia 1919, the sbatract section or
Angewandte Chemie wus merged with Chemiache Zentralblatt. The resder

NJi
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is vrged to consult reference (9) for a more camplete descripiion of
these abstract journals and their scope. HMany ciher gener=l chemical owl
specific abatract journals are listed an described in refsrence (G).

The sbstract jourmals Jublisl short summariec of sther puhlications.
While sbetracfors endeavor to include all informatior ... or: abstracts
they write,it i= inevitable that condensetion results in omission.
Tere’cre, finding the sbstract is a ziep in fioding the uriginsl document
thich shouid be procured for study. Abstracts journsls, such as Chemical
Abstracts, zndeevor to include alil abstracts of chemical articles, books,
and. patents. The Chemical Abstracts Service publishes, quingmennially
a list of all publicaticns which have been or ars belyg shwetracted. The
wost recent liat was issued in December 1956. Therefore, it is expected
that & revised 1ist will sppear late in 1561.

It should not be essumed that failure tc mention hazards connected
with tre synthesis or production of any campound or camposition means that
thers sre no hazards ccmnected with the eynthesis or produciion of any
high energy compound ar compositicn. Froduction on & small scalie or in
dilute solutiocn may not have been dangervus. Also, workers may not have
appreciated the dangars. For these reascns end cthers, warnings were
aaitted fran the publiceticn. Therefore, all workera with hich anergy
comounds ars emphatically warned ageinst complaisance based on absence
of warning in publicetione.

The oider publications should not bs neglscted. Compounds or
compesitions may he thought to be new because no work with them hLes been
done for many years. Memorial des Poulres, vhich was eatad)ished 1882,
is ome of the fewv journals devoted to high energy material. Apother is
Zeitschrift fur das gesemte Schieas und Iprengstcffwesen 21906-1901;).
This has been contimied unier another rname, Sprengtachnik (1952).
References (10) axd {11} sre taxts on the earlier literature on explosives.

Those who propose 1o mix chemicals in ozxder to obtain high energy
composisions should lsarm sbout tha chemical reactivity of each chemicsl,
Thay should evamina the litaratere to find reactions which may occur in
tne propesed camposiiion or Wulch may suggcsst 2imilar reactiome vhich may
occur. The purpose of this literature sesrch may be made clearer by an
exparienca &t the Hxplosive Poscarch Laboratory of ¢he NOC Divieion 8
during W II. The inciusion of leal peroxiie in THI charges for dapih
chasges had baen suggested in order to make the depth charges sink faster
and to obtain other improvements. The stability of the compositions and
compatibility of lesd djcxide apd TNT wes luvestigeted by heating one-half
t¢ 2.5 granm samples for 5 hours at 135°C, The reeuits of these tests
indicated compatibility and stability. Hesearch work was continmuad,
thervfore, until arrangements were msde to load a depth charge at the

(4.2
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Raval Nine Depot at Yorktown, Virginia. On the day hefore this cast
1loading, the investigator < tne ZRl decided (o make ancther LU0-200 giam
batch of the camposition. This one ignited while being melted on the
steam bath. It ves admitted, with considerable embarrassment, that leod
di Zide 15 nob sultabls for sdmicture with TNT

There are three lessons to be learned from this incident. First,
trat no stability test shaild be relied upon until the identitvy of the
decsmponition products has been established and that they can be detected
vy the stabiiity test. Correlation with cthar tests suck as explosion
termerature and tempersture of slower decamposition should be satablished.
A test which would respord tc gaseous acidic or reducing products was used
to teat the lead dioxide~TNT cmposition. Absence of these specific
cumpounds &8s decomposition producte did not prove stebility as was assumed.
Second, stability tests of 2 few grams of materisl cannot be applied
reliably to quantities ¢ cver 100 grams. Third, had the person who
suggested the inclusion of lead dioxide been thorcughly familiar with the
chemistry of lead diaxide he would rnot have suggested using it with an
orgenic explonive such as TNT. The reactions of lead dioxide as describved
12 a treatise on inorganic chemistry such as either references (13) and (14),
indicate clearly that lead dioxide is capeble of igniting and oxidizing
gererel clszzes of compounds at temperatures slightly above amblent. The
conditions urder vhich these reactions take place are sufficient reasons to
expect the lead dicxide-TNT combination to have very poor stabiliity.
Refsrence to source bocks should be made before suggesting or accepting
nev compositions. Furthermore, 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 compoaitions conteining them.

The information sources mentioned ubove and others suggested in
reference (9) can be expacted to furnish all of the public information
i ahout high enargy compounds or t¢ indicate vhere such information may be
! fm-

‘ Much, and in some cases, all the ini'crmation ebout high energy
materials is classified, available only in Department of Defense Libraries

and in possession of Department of Defense facilities. Probadbly the most
extonsive collections of classifisd information are at the Naval Ordnance
Laicoratory (WO), Picatinmy Arsenal, the Buresn of Naval Weapous Library,
the Armed Forces Technicel Information Agency (ASTIA), and the Solid

) Propellant Infarmation Agency (SPIA). Reference {12) contains informatiom
abonit the organic exgplosives reported before 1944, This compilation was
recently declassified snd is now frezly available from the Library of
Congress (photocopy or microfilm). A specimen check list Sfor literature
search is given as Supplement B.

-3
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Another form which may »e used o astablish that a proposed opoeration
2 S1TRer not hagarious or that adequete safeguards can be established is
attashad AR Supplement C.

I{ s esscutial to safely W have all jnformation about a given nigh
epergy materiel before wdertaking production. It is also essential that
the immwdiate supervisor of the operation be mentaliy capable of using the

intormation. Therefore, work with high energy campounds or ccapositions
must ot be undertaken by syyone who is mentally fatigued. It is highly

advissble that physicai fatigue be considersd a5 forbilding such work,

also, as mental fetigue ususlly accompanies physical fatigue. Those whe are
mantally fatigued are less able to prevent occurrence of dangarous situations
or to maiage them safely if they do occur. It is well to srrange work vith
high eaergy materisals 3o thai it will be completsd during the first six
bours of the working day., The worker vith high energy materials is strongly
sdvised to disquaiify himself during periode of msntal or physical fatig:a.
This also applies to periods of mental stress or distracticm.

RESPORSIBILITY OF SAFRTY

4

o ——

33

The primary vrinciple of eafety is that all personal injuries ave
avidable. This is meant literslly and completely. It is perfectly
practical for e good-size resesrch laboratory to operste for {ifty years
vithout s sing.e major injury. Several laborstories are alresdy up to
tvanty-five years of this kind of success, and still going strong.

The Navy goes to greet lengths ip the way of safsty devices, safe
wethois ¢f construction, and general safety-miniedness on the part of
managemsnt and line supervision. It 4is desir=i wnd expected that each
research employee vill also becums flly convinced of safety thinking,
ss this is the uniy vay in which injury-free performsnce c¢ao be resliszed.
Tt is a camplete impossibility to dring sbout & "fool-proof” physical
anvirommut apd set of rulss, & setting in vhich no injury can bhappen.
Psrsonal safety depexfs on sincere safety-mindedness and good ‘udgment
oo the part of each individual, not at occasional intervala, tut

a8 in 7y activity. This 1s sc 1n
Teacarch even moye than in any other type of wark, since research by
derinition repeatedly involves thicgs never dop: defore.

{o
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1t 18 our experience thai the safety-consciousness of most new
technical employees needs to he iaveioped, It ig c.mmonpl,a.ce w find many
shedag of futaliam evemplitied 4n auch pat expressions as "accidants are

bound to ha.ppen". “ALL theaz- are in our _udgnent simply raniunaliwfions for

11 an P I T o R N U U ey

smiflereuce oo LIGvValo. V\u conviciion Is that Sulpd, .a.u.llu i&3 aic \.nunw,

_1 specific carelessness Or poor Jjudgment on the part of somecne.

1

This guide to safety in research and pilot-plant work is pased on
the premise that cach individusl worker must be the major factor in his
own safety and that of his neighbors. The intrinsic hezarcs of research
are manifold. In this guide w» have compiled as general background the
experience of thousands of man-years, particulariy with reference to liess
obvious hazeris. We expect every worker to be thoroughly femisiar with
this subject-matter, and to make daily use of it. It is also lmportant
+0 remember that even this vast amount of experience may still not include
all situmticns. It is, and will contimue to be, essentially evolutionary
vather ithan having finality and absclute completeness.

Tviso

Respousibility for safety rollowas the line organization. Each
individual wn to and including the higheat ranking official is rersonailv
respausible for freedam from injuries to himself and all those who report
to him. Safety responsibility canuot be delegaied. This means that a
superior is not exomerated from responsibility cii the basis of poor
Judgment, carelessness, or disregard of ilustructicas on the part of &
subordinate. Each superior must feel that it is up to him to insure that
his men are educated and supervised on safety. He must similtaneously

promcte safety by persussiorn and by force of euthority.

The function of safety camittues is primarily suggestive, advisory
and inspiratiopal . _A_l_]___gi g J.unguuuruliiﬁz ia_(h__.t_vch in s 112_
organization. No action or inaction on the pari of any camittee is to
Ye construed as relieving any line vorker from direct personal responsibility

for pafety.

MAN:ATORY SAFETY RULES

The tollowing sarety iles must be rollowed in al) l&bOSATOry onl
sen!-works Aareas.

1. durseplay and practical Joses are strictly forbiaden.
2 App-oved safely suvectacles are the minimum eye protection

required in &]1 laboratory and semi-works areas. Observe thias rule
yourself and insist thec others in your area also observe 1it.

9
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3. Do not eat, dr'ik, or hring foed into laboratury, semi-worls
Or «Jisr areas where chaudcals w2 handled or stored.

4. Observe rigourously the no-smeking rules of any e ea in which

Pans WP Pum
Y =%,

Ry

5. Observe sll werning signs in the area. In case of rpecial
hazards, be certain that adequale waranby signs &re in place.

6. Avoid unnecessarily distracting the zttention of or startling
any person engaged in lsboratory work, especially hazardous laboratory
work .

7. labuatory work outside of reguliar worging hours, without having
e second person wWithin hearing distance is prohibited.

8. Access to erits, sefety showers, extinguishers, and contruls
mist be kept clear at all times.

2MPORANT GUIDING PRUKIFLES FOR SAFE WORK

The following general principlas of safety are to ve observed by all.
In coptrast with those of the foregoing section, which nmst be foliowed
literally, most of these require exercise oi gowd Judgment in their
interpretation and application. Any obvious meglect of or seeming
indifference to thess principles will be construed as a major performance
deficisncy of an employes.

1, Pamiliarire ycurseld with the contents of thia safety manual.
Be particularly certain that you bave real amd understood the section
applying to any new work which you are underteking.

2. Kaov the location anl use of all emergency equipment in your

ares .

3. Pamilisrize yourself with the types ofi protective devices weich
are svailable for work unter apecial hazards. Make use of the =urcpriats
cues in each case.

4. FHaintaiu yuw working axca in :
all times. Point out and have corrected “tems of >
of your uwn area,

5. DBe alert to unsafe conditiony nd especially to unsafe actious.
Call attention to these conditions ap 'tions immediately and remady at
onca, if possible.
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| 6. Aim to avedd emergencies by careful thought and tleaning of jyour

work. This plannirg should include foresight 2s to yvour own actien 1n
case ar emergency does ofcur.

7. Anticipation of possible hezerds depends 1o a lerge extent uson

e» wrisnce. In the tloanning of yoar unr'k" apel the advice of men
A FBLATeT e =1 i e e 2

axperienced in the fleld 1
8. Femain cut of the area of 8 vire or personal injury uniese you

can taks an active part in meeting the emeruency. leep other curious

bystanders cut as well.
9. Think, act, azd talk "Sefety" until 1t bhecomes your best habit.
10, Familierize yoursel{ with, ani abide by, all appliceble safety

rules of arcas other than your own to which your work may take you. When

entering & strange area. mske yourself known to the irdividual in charge
of that area.

11, Report all personal injuries and fires pramptly.
COMMONPIACE HAZARL'S

Although this mapual is eimed primarily at safety in the lsboratory,
vilot plant and production areas, it is to be rsmsmbored that imjuries
can and do occur cutaide thess areas. It is equaliy important to practice
safety in offices, in halls, or ctairways, and in other places vhere our
dally activities may take us. Here safety is largely & matter of common
sense, and requires litile 1if any epecial knowledge. What it does require
is & constant awareness of the common every &ay hazexds to which we =11
may bhe expesed. The most cammon of thess are ithe hazards of tripping,
2alling, bvmping into protruding objects, or being struck by moving vujecis.

Fortunately, once we have truly acquired the habit of safety-minled-
ress, it will autamaticaily govern ocur actions vherever wve may bs. Most
of the safety practices that we foliow routinely at work cau be applied
equally wall off the plant. An off-plant injury can be painful, ccatly
and inconveniezt not only to the individual Lut also to his family. Our
best protection is to be sincerely safeiy-minded at all times.

SATELL EQUITMEGIL

%z 1ist here for reference various types of safety equipment which
nay be procured ani used by the individual workers. Many of thess items
are alno mentioned in other gections of this manual, but for the saks of
couplewucss we note ir thls section in = very brief wmy the primary
purpcee cf each.
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Eye snd Face Protecction

Protection of the ayes snd Tase ig neces:ary whane r there ia
possibility cf injwry from liquid oplashes o flying perticles. Goggles
miat “e carried in all Semi-Works operating arees. Safety spectacles N

must ke worn in all research laboratory areas and Semi-Works operating arees.

2ye yruwctim ‘.s of y&uwu‘c rv tance ia the safsty pregram for
two reasons: (1) eye is irreplaceahle. and (2) the eye, far more
than any other body area is suacejgtible to_serious injury by relatively
small snounts of chemicals, ‘gg__mg_}g_t_}cles, heat or radiation.

Eye protection is required in ali hazardous researci and semi-voiks
arcas. This applies tc all personnel, including supervision, clarical and
stenographic help, Janitors, craftsmen, and vieitors. Bye protection is
also required in certain hazardous plant areas.

Hagardous 3yves include any location where chemical, mechuical, or
manual work is in ress or where chamicals stored or hapdled. The

principal hazardous areas are provided with "eye hazardous area” signs

to serve as reminders, particularly to those not familiar with the area.
Sirce eye harards may alsc be present iu urpnated areas, coastant vigilance
is required. In case of doubt, eye protection should be worn until
supervision can be consulted.

In many cases office desks are lccated in or near hazardous areas.
Bye protection is required at such desks unless they are separasted from
the hazardous ares by a partiticn &t least T feet high. It is recognized
that chances of eye injury ere mich less at & desk than at a laboratory
bench., However, the risk that does exist, %ogether with the likelihcod
that a person will neglect to pui on spectacles when he leaves his desk,
is the basis for requiring eye protection in unrrotected desk areas.

Minimm allowable eye protection for exployees is prorided by safety
spectacles, which have liardened liuses, “Tuis applies to all employees
whether they normally work in a safety spectacle area or are just vi:iting
such ar area. 3uch spectacles, whether plain or prescription, are furnished
axl, if necessary, are fitted by an optician to insure maximm coafort

The hexdened glags lenses of safety anectacles are sarionaly wesakened
Ly scratching. Care should be uae 1 handling apectaclea in arder to

avoid scratching. They should be kept in case: whan not in use. Safety g
spectacl2s with scratched lenses should not be worn; they shiould be replaceu

pramptly .

,!. N
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¥intmm z)iowvible eye protesticn for visitors is provided by
plastic spectacles of approved deaign. In ereas vhere employess are
requ'red to csury or wear goggles, visitors are also requlred to do so.

Safety spectacle: provide only the minimun eye protectiosn; they are
8 no time to be coneidered replacemsats £Or goggles, which are peeded for
protection against splashing ligulds, fumes, dusis, flames, or particles
avbroaching from the side. Tt is the recponsibility of supervision o
determine when goggles or other protective devices are required. Welding
goggles, ylass blower's spectacles, face shields, and aother devices are
available for specific Jobs. A face shield i1s not an acceptable substitute
for goggles for eys protection. Adequuste eye protection zust be worn in
addition to the face shield.

Nespiratory Pretection

Respiratory protection is needed whenever the atmosynere is
canvaminated with paxious gas fumes or dust, or in case of oxygen
deficiency. The correct type of equipment must be chosen for eacn iLype
of erposure.

Pocket-Typs Respirator (Gasfos)¥

It is for protection against low concentrations of acid gases and
organic vapors including chlorine but excluding HCN. It is for use only
vhere there is no ogrgen deficiency.

Canister-Tsme Gas Mask

Theee masks arc for use only where there i3 no axygen deficiency and
where the maximmu gus coucentration encountered is about 2. They should
not be depended vran for exposures longer than about five minutes, which
wvould normally be time enough to escape fram the contaminated aresa or tu
carry out & quick rescus cperaiion. The canister should be replaced after
vach such use. When such a mask is used for occasicnal exposure to very
low concentrations of gas, a regular replacement schedule snculd be set wp
based on tha frequency anld severl%y of axposure.

GMD* canister (green) for ammonia.

GMK* canister (vhite with green etripes on bottam) equipped wath
COMrO half-mask face piece for HCY.
*Miue Safety Appliance Company's designations and specifications of
capablilities may btz found in that Campany's publications.
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QMAX canister {black) for organic vapors and veune.

QMC* canister (yellow) for organic vapors ard ecid gases except HUN.

MOAS ~madmdne [andAY Pas 01T smman doates®doc: mmcbime —o e ? An 0 o) s

LML \.WJ.DWL' \AGW Y AVA il BODCL W LABL ALY, LML WV L'JUM\J‘-&\-“J’ ﬂ%.‘..y
or in combination. This canister is used wheie nature of possible gaz
risk is variabie.

Chemox* Oxygen Breathing Apparatus

This type of wask gives caiplete respiratory protection against all
gases and fumes for a period of 45 mimutes but afforde no protection
against poisoning by absorption thrcugh the skin,

F -Mimite aen Demand Masks

Suitable for Jobs of short duration or for escape.

Dust Respirators

These are general purpose respirators end shouid be used for:

Ruisance dust - fur example, coal, ashes, cement, sawlust, charcoal,
carbon.

Lung-couwaging Sust - for example, quartz, sssesios, sand.

Toxic dust - for exasple, arsenic, barium, chromium, copper, lead,
manganese .

In sddition to the genersl-purpose respirators, there arc same that
are desigred for specific purposes, such as spray painting in open spaces
wviih organic solvents and thinners.

A respirator, to give adequate protaction, must be properly fitted o
each individun). Respirators fitted to one person showld nct be worm by
ancther.

Speciric canisters should be selected in advance and made available
at the site vhere they may be needed

*M1ine Safety Applicance Compuny's designations and specificetions of
capabilities may be found in that Company's publications.

e
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Proteation for Huwds, fkin ani Bedy

T follewing equipment is deaigned %o protccet the perscn and his
clothing rrom demege andjor injurlics resulting from splashes and spilis of
chemicals, excessive heat and falling objects. Its uese is dependent uvon
the hazards whlch exist. However, protection needed anculd be defined and

ateict ymmilverenta atated .

Aprons end Flame-Resistant Coats

Detailed regulations for use should be estehblished.
Sloves

Agbestos - Used in handling very hot objecte. Care must be
exercised in tiieir use since asbestos gloves can become hot encugh on the
curside +o inflict severe burns withoul the knowledge of tlie weerer.

Leather - Used for protection against cuts when working with
glass.

Fubber - Used when handling or working with corrosive chemicals.
cotton-Canvas - For general light-duty use.

Mitte fNolukin) = A heavy duty glove for work where wear and
tear or heat 1s encountered.

Special Purpose Gloves - Used in handling orgenic solvents and
chlorinated hydrocarbons.

Safety Shoes

They are antirely suitable ror general purpose wear, and their use is
highly recammended snd in some places cobligatory. They prevent physical
foot injuries. They may also bave low electrical resistance and thereby
furnish a path wvhereby static alentrical charges may flov hammlessly o
ground. See reierence (21) for more details.

Haud iate
iard lavs

Hard hats must be worn by all employees when work is being done
above them and there 1s no intervening solid floor nrotection, end in all
other Jesignated areas. These hats also protect egeinst bumping into
piping or other obstructions.

j=
$41




NOLTR 51-136

Protective Skin Creams

Prote~tlive skin creoams are used t¢ protect the hands and cther
exposed areas fran grime, grease, or paint. DBeby oil or an industrial

Y [y - mled on
¢ols ciwam can be used a5 skin comddtloners. The spplicaticn of heby oid

or equivalent at the end of each day keeos the skin in good condltion,
especially when the person has been handling solvents which remove tac
natural oils.

SAFE DESIGN OF EXPERIMENTAL ASSEMBLIES

It 18 suggested that the following outline be used in planning and
installing all laboratory assemblies of various kinds for cerrying ou
regearch investigations.

1. Think out the problsm as to its objective, scope and limitations.
Size of operation should gene be hela to a minimm, because hazards
usually increase with scale of oparation.

2. Discuss tlie problem with other persons wio may be familiar with
operation and the hazards involved no matter where he may be employed.

3. Decide on location. Factors which may affect the specific
location are: npeeld for protsction becsuse of toxicity, explosive properties,
flamahility, or nressure involved; need for standard or special utilities;
size of cperation; amd other work being done in the arcas under consideration.
Locate the equipment sc that egress fram ths area will be unobstructed.

k. Plan the set-up. Design it as simply as possible to fulfill the
objective. Consideration should bz giveu during design to these factors:

(a) Hazards involved such as release of toxic, flammsble or
corrosive materials, etc.

(b) Need for equipment such as pressure relesses, guards,
screens, splesh Tons, fire-fighting equipment, signs, ete., to protect
operators of your unit and personnel) and equipment in the avea,

(¢) Accessibility of controls(not obstructed by guards, screems,
hot pipes or apparatus).

(d) Materials of construction.

(e) Adequate supports to avoid vibration, stirains on glassware,
ete.
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5. Asserble the apperstus. Observe the usual precsuticns ir handling
glossware. Use proper toole, in good condition, inciuding ladders. Provide
supports ea required  Protect other workers and apparstus in the ares.

£. BReview tha sompletad installation with the superviaor in charge of
the work. Consider the advisability of having the sei-up inspected. Make
tests and/or dumy iuneg, i consldered advisable because the set-up is

introduce hazards.

T Familiarize personuel opsrating the equipment with the set-up
anl the reasons for the safety precautions involved. Warn persons workiang
in the jmmediate vicinity about the potentiali hazards of the operation.

8. Review the instaliation when changes in scale or method of
opesation are contemplated to insure that the essentlals of safety enmd
simplicity ere preserved.

9. Dnink through the dismantling procedure and make sure all
hazardouc chemicels are properly disposed of and all pleces of equipment
are carefully depressurized.

Glassware Hazards

The misuse of laborstory zlassware can result in painful injury.
Such injuries can be prevented by careful handlirg.

Chojce of Glase

Hard glase (Pyrex, Vycor, or Kimex) is usually beat suited for
general lahoratory asvplication.

Inspection of Glasgware Before Use

Olass strength is directly related to the condition of the glass
surface. Glassware that is cracked or ccverely scratched should not be
usad .,

Other hazards for which glassware should be insjrcted pefore use are
rldioles, sharp edgss, peper-thin areas, baliy fitting jolnis or plugs,
and danzercus contamination.

Dumaged or defective glasaware should be repeired iumediately or
discarded. The glass blower'e advice should be followed if there is any
queasticon in this regard. Never ask the glass blower to repalr dirty

squipment.
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Handidng leboratory Glessvare
Glass Tubing snd Class Rods

tmaili-bore tubing anl rods up Vo 20 mm. 0.0, shounid be given
single ‘ransverse scratch with a sharp, flat mill file or equivalent
cutting device at the point of the desired break. The tubiig or rod
shruld be grasped fimly so that the scratch is detween the hands and
opposite the thumbs. DBend the tubing or rod at the scratch to create
tension on the scratched side, and at the sams time, pull the hands apart.
With glass rod or tubing too short tc allow a firm grasp, extend the
segment on each side of the scratch with metal or hard plastic tubing.
Two cork borers of the proper size will usually serve this purpose.

If over 20 mm. 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 with a vwhite-hot plece of glass
rod at the center of the scratch and immediately wetted with water. The
larger diamste, tubes and rods are more conveniently cut by application of
8 hot-wire techniqus. Consult a glass blower before attempting use of thie
ssthod, if possible.

Fire polish or grind the sharp edges of all glassware before use.
Connections to Mubber or Plastics

¥Yhen glass tubing, rods or thermometers are inserted in holes in
stoppers, rubber tubing or plastic tubing, there is dangevr of the glass
breaking to leave sharp Jegzed edges which may inflict severe cuts. It is
often good judgment 4o wear leather gloves. The following precautions are
recamended :

1. DO WT TRY TO FORCE AXY GLASS TURE, ROD OR THERMCMETER THROUGH
All OPENING,

2. When inserting any type of glass equipment in cork or rubber
stoppers, hold the stopper fimly with thumb and forefingar, keeping the
palr of the hand away from the opposite face of the stopper. YFimmly grasp
the glass as close as possible t¢ the stopper and insert with a series of
twists, pressing gently with each twist. The use of a Jubricant such as
water, glycerol, silicone stopcock grease or powdered graphite is
recammended .

3. Where convenlent, use the stronger heavy-wall, hard-glass tubing
in sizes of 15 mm. or lower, vhich is now available.




NOLLR b1l-157

L. In cazes whare glacs sgulmpear ig 1rozon in rubber or plestic
and galvage of the eguiynent 1s lmportent, cut wac materlal wway franv the
glass .

}]

lud

Ground-Clsss Joints, Stopcocks end Giess Stopper.

Ground-glass connections should be clean and lubricated to make *hem
liquid~ and vapor-tight and to prevent "freezing”". Sp-ing devices ace
aveilable for holding ground-glass loints together. CSitopeocks should be
secured with standard stopceck reoteiners.

Sapetime. frouzen ground-glass comnectlons cen be freed by application
of hot water or hot alr to the outside surfece srd zently forcing whil
wearing gloves. Where permissible, an open fleme mey be epplied to the
outside surface. Frozen stopcocks may be freed by meens of & mechanical
opener. In sextreme cases the glass blower should be consulted. When the
equipment is not in use, a plece of parer shculd be inserted hetween the
surfaces of the joint.

Test Tubes, Flesks and Beakeras

The limited strength of glms= should be kept in mind whea corks amd
stoppers are inserted in the mouths of iést tubes ami fimsks and when
heavy beakeis and flasks are lifted or supported. Uniform heating to
avoild thermal strains and cracking becomes lmportant as Hesker or flask
gize increases above 1 liter; bath or electricel Leating is preferable co
use of a direct flame.

Fnysical Explosion Hazards

Physical explosions in the laboratory are usually due to failure of
glass veassels under presmmre. It 1s not safe to use glass for operations
in which a dirference vetween wiberual and internal preceure mey he
developed unless adequate precautions are taken sgainst the hazards of
flying glass.

Sealed Recgent Bottles

Long-stemmed bottles euch as those scmetimes used for vackaging
bramine chould he ohilled thoroughly, except for the atem, in an ice bath.
A secratch 1s made near the top of the exposed stem, using a sharp file.
Generally, & sharp tap will cause the tip to breek off. In reseeling, ‘the
bottle i3 kept cold as above and the neck heated by means of a hand tovch,
pulled out, and csealed. This should normally be done by the glass blower.




Containers tcp Liy Ice

ules Logt b1l below rocn: tempersture shomid rever

ainer provided with a tight-fitting closure unless tnz
imied to vithetand the vressares that will be developed. -

Containers stored for extendea periods over dry ice terd to saisorb
considerable carbon dioxide chrough cork stoppers or arcund ¢lass or -
lovsely fitting rubber storpers. When such containers ere removed Irom
cold storage and allowed to warm rapidly to room tempereture, the carbon
dioxide they contain has been hnown to develop sufficiernt pressure ic
burst the container with explesive vicience. The swoppers of conteiner:s
removed from any cold storegz should be lonsened at once sufficiently to
vernit relzase of rressure which might develop during warning.

Vacuuwn Squipment

The hazexds of laboratory operations under vacuum are similar to
those of above-atmospheric pressure work, although in genersl less severe.
Accidents Iin this type of work are most consonly caused by the collapse
{{mpiosion) of glass equipment, which may cavee injury from flying glass
ard from hot or corrosive materials contained in the collapased vessel.
Inward leskage of incompatible materilals, e.g., of air into hot cambustible
vapors or of water into concentrated suliuric acid, may also be a hazard
under some conditions. This ieakage type of hazard 43 not, of course,

- X ROrY
confined to glass gpparstus.

Labcratory equipment designed for vise under vacuum is usually
symetricel in form with surfaces corvex outward. This provides meximm
strength egainst pressure fram the outside. Examples of this type of
construction are: balloon flasks, vacuum receivers, tubing. When flat
aurfacen or irrezular forms are necessary, e.g., in filter flasks and
vacinm desiccators, the needed strength 1s provided by thickening the walls.
Thin-walled vessels with flat surfaces, e.g., Erleameyer {lasks, beakers,
volumetric flasks, French square bottles, are very likely to collapse
under vacuum. Lerge bottles are also sublecc to collapse even though
made o1 heavy glug:. Sesled vacuum units guch as Dewar fiasks and vacim-
Jacketed rectifying columns provide a spascial case, since they are under
vacvun av ail times, even when rot in use. Regurdleas of desisn, glass
equipment under vacuwn should always~ be regarded as potentially hazardons.
Scratches or {iaws in the glasswele, mechanical shock or sudden changes
in tewperature wili inereese i%e chance of coilapse.

As in all hezardovs operations, diought and care should be taken
to provide protection against the worst occurrence that cen be visualized.
Tae Foelilwwing are oome of the means avallable for much protection:
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from directly in front of the coperator, but will .ot provide aleguate

eye-irritant or hot liguids under vacuam.

that they can be placed in direct line between the apperatus and the
orerator.

an asbestos blanket, surrounding with wire screening, or ccating with

plastics, may be used. Portabls pieces of vacuum apparatus such as Dewar
vessels and vacuum desiccators should always be protected with permanent

metal casings.

L. Be sure that the valves leadir; to the source <f vacuum are open
before applying heat t¢ an apparatus which is believed tc be under vacuum.

It should be kept in mind that the pressure differenc:s obtained with

1. Jdafetly spectacles will protect the eyes against flying glass

protecticn against liquids. Goggles should be worn when working with any

2. 3Safety shields will protect against an implosion to the extent

3. 'When the size, shape or location of the apparatus prevents the
effective use of shields, other means of protection, such as . ~2rping with

a weter pump or a stream aspirator are nearly as great and esseulially ag

hazerdous as pressure differences obtained with an oil or mercury vapor

p .
Electrical Hazexds

The following specific items are offered as a guide to the
responsibilities of the laboratory personnel in avoiding elactrical
hazards:

has been checked and approved.

2. New electrizal equipment must be inspected by a compatent
inspector.

the circuit provided can carry the additional load.

1. Inspect all electrical equipment prior to use for damage and
chanical or molsture-contaningtior. 1 there is any question as to the
reliability or safety of the unit, do not put it in operation until it

3. V¥hen electrical equipment is moved to & new location, make sure

4, Mnkeshift connections between non-mating plugs are positively
forbidden.
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5. Some specialized emuipment, for' example; oscillographs and
cortalr vecuum tube volt meters, must not be mechanically grounded as i3

gtandaxd o nost unite in the plant . Where this i- the cage, the

- s

equipment should be 8o marked and special care exercised in its use.

6. Only approved explosion-pzoof electrical equipment is permiited
in hazardous areas. This shou'd be checked berfore crdering or instelling
rav equipment. Make sure that all electrical equipment including
instruments meets the ares requirerents. In laboratory hoods or on
laboratory benches where lammables are being handled, use caution with
open slectrical equipment such as stirrer motors and heater tnermostats.

7. ALl cases of elsctric shock musv be reported at once to
supervision, anl the equipment fram which the shock was obtained must
be chesed and repaired before further use.

8. It is dangerous to permit body rontact with any live power
circuit because the voltage may be higher than it is supposed to be.
Remember that rontact with as little os twenty volts may result in loss
of muscular control, snl there are many fatalitics each year tiirough
contact with the standard 110-volt household power supply.

9. 0las-Col hea mantles should be used with cave. They erxe
not "liquid-proof . en vaver or other conductive liquid is spilled on
¢ -antle which is connected to a source of current, anyone tocuching the
nantle or associated metsl equipment may receive a serious electrical
shock. The shock hazard car be minimired as far as associated metal
equiyment is concerned by fastening the grownd clip from the mantle cord
to t:e metal squipment in contact witl the mantle. This applies also
to metal equipment hesatea with glass heating tapes. However, there is
7o vay tc ground the mentle itself, so if a mantle becames wet it should
-3 disconnected and naot eugad vntt]l 14 has dried thorawhly.

10. Static charges may develop thiough motion of solids, liquids,
and gases. It is important that static hazards involved in the handling

of flsrmable materials in experimental work be given careful considersticn.

Stansxd antistatic equipment as static dissipating belts, drum fittings
with grounding clazps and grounded steam hoses are providad and should
be vaed "Lere nesict.

SPECIAL HAZARDS OF LARGER SCALE OPERATIONS

The hazards of larger-scale equimment &re principally those of
semi-works or pilot-plant installations. ine inclusive term semi-works
irplies Taciiities which are betweer the largest laboratory scal (as
5.10 pallen size) and commercisl scale squipment. Also, the ten.
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exbraces operetions from a single process step, as practiced in unit
operation studies, teo a caupletely integrated pilot-plent inetallation of

gufficient size {0 demonstrate =n over-all process end to develop the

» PN Yl am

necessary Iinformatiop and data for ihe desiyn of e cmmersial plent.

bDemi~wOr&s research varries over Irom the laoboratory most of the
hazards inherent in the chemistry of the process, and, in some csses,
magnifies them. For example, a rapid exothermic reaction may be ca.ried
out on a laboratory scale without any apparent control problem, but when
the reaction is scaled up 1C0 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 pliysical and chemical properties of the materials involved must
be known seo that the potential operating hazards can be anticipated and
equioment «und facilities provided to coperate safely.

The same engineering standards used in the design and selection of
plant-scale equipment sbould be applied co ‘nstallations in Semi-Worxs

areas.

larger-scale research equipment is constructed usually of me+tal
rather than glass used for smaller scale work because of the greater heat
cunducbivity of metals., Since opague materials are used the physical

state of the materials in process cannot be observed. Glass eguipment

miet not be used unless it has been designed specifically for the application.
To indicate the conditiona existing in & processing system at all times and
to give advance warning of approaching hazardous conditions, sight glasses,
measuring instruments, control apparatus, ivllel devices ani other "teli-
tale" systems must be provided. From a safety viewpoint, reliance on make-
ehift and untried measurirz and control aevices must be avoided.

In addition to the foregoling general policies to be followed in thne
planning and cperation cf larce-acale equipment, the following rules and
vractices must be observed in programs involving semi-works scale equipmenc.

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

ehowing indivicual pieces of equivment, piping and vulve arrangement,
conditlions of pressure, temperatwre and materizl flows, and elevation of
egsential pleces o1 equipment. The flow sheet must be checked by the sroup

lead:r and supervisor in charge of the prolect.

2. Detalled pions for connecting semi-works equipment to plant
utilities, other than for normal heating and cocling, must be cleared with
the plan® engineer to insure against some faulty cperation affecting a
utility service which might result in serious damage to a vital plant

facility.
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3. Newly fabricatea or purchered units, including all szlety
devices, must be tested for tightness and mechanical defects prior to
installation. Also, used equipment must be inspected, serviced and tested
ag appears necessary to insure safe operation.

4, Detailed operating and safety instructions, including a simple
deseription of the process, conclse operating instructions and emergency
cshut-down procedures, must be prepared before processing activities are
started. A clesr flow sheei of the installation sust sccompany the
operating instructions, and the main pleces of equipment =hould be murked
to permit a Jdirect reference in the operating directions. All recognized
hazerds must be listed as a preface to the operating details, and the
precautions to be observed must be clearly stated. If specisl emergency
action 1s indicated, periodic practice drills must be indicated, including
the use ox apolication of emergency equipment.

5. Before starting eny operation on a semi-works installation, - n
inspection must be made by &£ camittue to check safety and enginearing
standards. This inspection will include a meeting preceding the plant
inspection to review the flow sheet and operating instructions. The
neabersuip of the committee shouid be s2lected frou different plant groups
familiar with the safety standarda for large-scale crervtion. As a
general rule, the committee should consist of & reprasentative of the plant
safety group, the research supervisor in charge, a representative of the
research laborstories and representutives from other appropriate plant
groups such as construciion, englneering, etc., as cdexmed necessary.

5, Phsntom or dummy runs with pilot-plant installations must ha
made prior tc the initial processing activities to enhance the safety of
starting up a new process. These serve as practice runs for wraining
operatcrs and provide & means for checking the over-all i-schanical
performance and safaty of the equipment under cenditions simulating

ramlar rmarationn.

7. Regular inspection amd maintenance of all apparatus having
moving parts must be practiced to prevent accidents resulting friz
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 checkex
throughout so that it can be safely dismantled or used on another job.
Any damaged or defective equipment pust be immediately repaired or scrapped.

9. No chemical processing operationa are permitted on a semi-works
scale in whiich known or suspected explosive hazards exist withcut {(a)
adequate controls to minimize the possibility of an explosien and
(b) barricsding tc protect personsel fram injury.
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10. Deviati ) 1 process venavior must be treated as & grave
warning of danger. Temperature elther higher or lower than expected
it

0
weans a very avitisal sandition exlsts DO SOMEIHING!
Lt

-~

Geceslonwlly »n operation is conducted in A semi-works area that
more 2losely borders on laboratory scale operation thar normal semi-works
operation. Under this condition. the person in charge of the job shouwld
contacl the prupes research supervisor and agree on the safety regulaticns
wisted abovc that may be modified or eliminated on the particular operation.
In case any major changes are subsequently nisde in the program or equipment,
it is the resporsibility of the person in charge of the job to review them
in detvall with the research supervisor.

F1RE PREVENTION

Fires account for e tremendous yearly toll of injuries, luss of 1life
and destruction of property. They are » particularly dangercus hazaid in
chemical plants and laboratcries, so that every possible precaution mus:
be taken to prevent their occurrence. Precautions may be generalized as
(1) control of flames, sparks and other fire initiztors, %2) safe handling

and storage of flammables and combustibles, amd (3) good houselkeeping.

Control of Fire Inltiators

Observe a1l no-smoking rules as posted. Smoking is permitted in
offices, conference roams and lunch roams and is usually 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
vherever conditions dictaie, e.g., if anpreciable amounts of flammeble
solvents are being used near the desks. Matches, cigarette butts and
pipe ashes should always be placed in ash trays and not thrown into
waste haakets or ather contaipers.

Care should be taken to keep flamee and sparks away from the vapors
of flanmable solvents or gases and combustible dusts. In this connection
it should be remembered that highly flammable materials such as carbon
pisulfide vapors will ignite on contact with hct steam pipes amd hot
plates. Only explosion proof motors, switches, lighting fixtures,and
electrical devices should be used ip the presence of flarmsble vapors.
Volatile flam-ables should never be placed in electrically heated ovens.
Refrigerators for storing flammable materials must always be rendered
axplosion-preof oy removing all sources of ignition.

Stlorage ad use of spontaneously flammable materials, suck as
ycllow pheosphorus, should be carefully supervised and the juantity of
such materiais nandied or slored suouid be kept to a minimm. Oily rags
end papers that may lynite spontaneously sh~uld be placed in closed waste
aans that ore emptied daily,
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Care musu be taken to avoid ignition of wvaporz or dusts by sparks
from static electricity, the collision of metal cbjects, and grinding
opezutions. Spark-proof,plastic~coated tools are & mrereguisite ir
flammable atmospheres.

Safe Handling of Flammables

ALl combustible liquids having s flash point ot AOSK or below by
the open-cup test, or having a boiling point of 300%F {(130°C; or velow,
are to be considered tlapmable. In order to reduce the fire and explosion
hazard associated with such liquids to & minimum, the folicwing limits
have been established with regsard to storage and handling in the laboratory.

1. The meaximm volume of flammable liquil per laboratory chemist
ghall be 6 quarts exclusive of waste solvents.

2. The maximum volume of flammable -.cste solvent per Laboratory
chemist shall be 1 gallon. It must be stored in a safety can.

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

4, The maximum capacity metal safety can or polyethylene bottle for
storing flammable liquids shall be 1 gellon. No other type of container
having a8 capacity greater than 1 quart shall be used for storing flammable
liquids in the laboratory.

It 1s recognized that for pwiposes or econamy certain laboratory

Jobs will require use of more than the above maximm amounts of flammable
liquids. Exceptions to these limits must have the spproval of the
research supervisor, and vhere use of larger amounts of flamiable liquids
is permitted, special precautions wust be obssrved. Exsmples of special
precautlons aco prohiiblvion of smoking anywhere in tha laberstory,
provision of extra fire extinguishers, and use of metal containers under
or around large glass containers.

Flammable liquids that ars not in current use or thet exceed the
ebove limits in quantity should be stored in the areas especlaiiy equipped
for this purpose.

Steam or hot water shouid be employed vherever possible for heating
flammable liquids to avold ignition in case of spillage. “hen heating
flammables in glazs by flame or electricity, a metal catch pan of sufficient
size to hold the contents of the container should be placwd underneath.
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Waste {lamwalles in liguid rom should preserubly te collected in a
properly lubeled safeiy cen proviizd for such use. Flammable liquids
immiscible with water shouldl never be run into & sink or sewer. Those
that are miscible »i1'; water may be aisposed oI 1in a siak if first mixed
with enough wnter to wake them non-flammable.

Housekeeping

Good housekeeping is an excellent fire precaution. Cambustible
waates, puper, cariboard, wood, and other combustible litter should not
be allowed to accumilate.

TOXICITY AND SKIN HAZARDS

All chemicals should be regarded as toxic unless widespread usage
end toxicity studies have proved them harmless under tue conditions of
handling. Tnis concept ig necessitatec by the fact that over one-half
million chemicals are described in the iiteralure, end only a few of these
have been studied sufficlently to define their toxic properties.

There are three main chennels through: which polisonous meterials can
accidentally enter the human system:

1. Breathing into the respiratory tract in the form of dusts,
fumes, vapor, mist or gases. (Discussed fully in the next section).

~

2. Owallowing with foud, seliva or wvater.

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

Results of poisoning by any of these routes may be acute or chronic.
In moute poisoning the results are usually rcalily spparent, 1. chuouic
poisoning the effe:is may not show up for years.

Care should be taken that toxic materials are not accidentally
ingesred through the mecuth.

Skin affections account for the largest number of occupational-
disease cases of any group of causes. Differcvnces ir individual
susceptibilitise tn exposures of this type make it very difficult to set
up standards for the safe handling of any chemical. The hands and face
ghould be washed frequently when sxposed to chemicel dusts or solutions.
Gince many chemicals are rendily absorbed thrcugh the skin, long contect
even with thcse chemicals which are supposedly hermless should be avoided.
A change in solvent nmay ;ullify the protective action of skin oils amd
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make even a short exposure harmful. For example, a short exposure to an
aquecus solution may be harmless vhile the same exposure to the same agent
dissolved in methanol or trichlorcethylene may produce = major lesion.
Protective items such as gloves, apronc, face shields, protective creams,
et~., should be worn to prevent contact with the body. Any sign of skin
irritation should be immediately reported to the Medical Officer.

In vorking with chemicals of known hazardous type, it is wise to
consult with someone familiar with the matsriais or classes of materials
involved. Hazards relacing to same special classes of chenmicals will be
discussed in later sections of this manual. For ulditiom.l general
information, reference material in the Library should be
Pert%nlgx)at sources of informetion are references (2), (15), (16), (l'r),
and

Stataments in these and other references on toxic limits amd
precautionary procedures are suitable on)y for genersl or approxiuate
guidance. When such data are of prime importance to the usage of handling
of .pecific chemicals, confirmatory opinions should be cttained. Omission
of chemicals fror these references should not be considered as indication
of lack of taxicity.

Hazerds of Toxic Gases

The contamiration of air in working areas by any vapor, gas or dust
ahould be regarded as dangerous, even if concentrations are low. In most
cases the degree of contamination in air supposed to be safe for prolonged
or repeatsd sxposure is uncertain. Inhalation of same ygeses will, in a
matter of seconds, cause serious injury or death, vhile in the case of
others, reaction may develop gradually over a period of years, resulting
finally in irreparable damage. Even & mild ansesthesic or unsuspected
intoxication may impalir Sudgmont enough ¢c cause azn accident

Even though an unpleasant odor may not be evidence oi the presence
of toxic materials, it may be distract en: tc be a contributo
factor in & segmingly unrelated accident. any odors are noticed, thelir
sourcec should alvays be locatad quickly and the situation corrected
immediately. The help of supervision should be enlisted to accomplish
this end, if neceassary.

From the standpeint of respiration, noxious materi ls may be
classed as:

1. Irritants. Irritants may affect any pert of the respiratury

wm

e




system, the ngse, throat, lower air passages or luugs. Examples are:

Azmonia Apetic acid

Halogen acids Acetic anhydride

Suliuric acid Sulfur halides

Formic acid Sulfuryl chloride

Thionyl halides Nitrogen oxides (except nitrous)
Sullur dioxide Phosgene

Chlorine Acrolein

Bramine Dimethyl sulfate

Arsenic compounds Active-halogen organic ccmpounds
Phosphorus chlorides Hydrogen sulfide

Ozone Boron hydrides

2. Aasphyxiants. These agents interfere with the supply of cxygen o
the body tissues. They may bea%a) gases wiich merely displace the free
oxygen in the atmosphere, {b) 7eses which act on 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 axygen

b. lydrogen sulfide

c. Carbon monoxide

Volatile cyanides such as
Hydrogen c¢yanide
Cyunogen
Cyanogen chloride
Acetonitrile
Acrylonitrile
3. Systemic Poisons. Such agents are ahsorbed through the

respiratory system, enter the blood atream, and affect a site other than
the point of comntact.




Examples are:
Benzene Cyclopavraifics
Toluen: Organic nitrocampounds
Styrens Carbon disuifide
Butane Boron hydrides
Alcohnls Mercury and its compounds
Aldehydes Arsenic and its compownds
Ketcnes Seleniwn and its campounds
Ketene Aatimony and its compounds
Ethers Lead and its compounds
Halogenated hydrocarbons Metal carbonyls
Aranatic amines Phosphliorus
Egters

Preventive Safety Measures

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

1. Supply sdequate amounts of fresh air to working aress.

2. Avoid contamination of air in working areas. Do experiments
which involve toxic gases in wmll-ventilated hoods which exhaust so that
fumes canrot enter working areas. Check efficiency of hoods frequently.

3. know how to use gas masks and other breathing apparatus and uze
them whenerer there 1s a chance of inhaling toxic gases.

L, Xnow the limitations of filter-type masks.

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

6. T¢ the toxic action is rapid, antidotes should be at hand
before any experimental work is begun.

First Aid for Victims of Cassing

Inhaled gas is usually instantly absorbed by the blood, which
circulates a mcoent later to the urain, making injury poaaidle within
seconds (anaesthesia, nerve paralysis, cessation of breathing). Man has
limited control over his breathing. He car. hold his breath only % to
1 mircte after inhaling, and considerubly less after exhaling. Fence,
aven if warned, one may be unable to avoid breathing a moison. If the
pcison causes breathing to stop, the victim will probab.y die fram lack
of oxygen even though the poison in the air were to be immediately removed.
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Indeed the life of & passed victim is often in the hends of the first one

to arrive, una the outcome may depend more upon his knowledee of proper
procedure than upon the dector who may later treat the potient in o
hogspital or first aid station. Therelore, the besic principles of first aid
+reatment should be underctood by all fellow workers.

EXPLOGIVE OR VIOLENT REACTIONS

Potential reaction violence or explosion can be forecast. Experiment-
ing can be safe aven though an explosion does occur. Therefore, personal
injury from explosive or violent reactions must be attributed to human
faiture in foresight and forethought.

Furecastliyw Yiolence or Explosion Danger

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

Exothermal reactlions can self-accelerate; reaction rate goes up with
temperature, and temperature goes up as reaction proceeds. This can cause
uncontrollsble reaction vioclence. Also, a rsaction which makes gaseous

roducts can become violent if provision is not made to disengage and vent
the gaseous products. Explosive reactions are exceptionally violent
reactions characterized by s nearly instantanecus release of heat or gas
or both, occurring throughout 2 quantity of material.

If a compound or mixture can decompore to form gaseois 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
verchlorate ssver, or relatively insensitive, such as pure hydrogen peroxide
Supposed low sencitivity cannot be relied on in lahcoratory work, except to
a very limited extent.

Calculation of heats of reacticn is " elpiul ln 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 Hp0, CO0p, CO, Np, C, Cu, etc. Wuen no data are avallable they can
usually be hed simply by having nheats of combustion measured, or they can
be approximated {rom bond energies. Ii unfemiliar with these calculations,
you can have them made by others. These calculations are to he regarded
as alds 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
organic compounds. The following groupings tend to confer explosive
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character: -01@02, -NO,, -NO, =N-NOp, -NeN-, -0-0-, -N,, ~C=C-., Two or
more such groups in a molecule usually make the compoubd potentially much
more dangerous. Conpounds contalning encugh oxypen to oxidize most of the
oxidizable elements are likely to be very dangerous.

Experiences of yourself and others, together with analogous reasoning,
are helpful in recognizing dengercus materisls. Lists of hazardous
compournds ere wortl: memorizing, particularly those items which you wouid
not expect to be dangerous in the lignt of your own chemical background.

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

dangsrous riactions ere described without a word of caution in
rublished literature. Hence, literature precedent 1s & poor basis for
disregarding any known indicatinon of hazara. On the other hand, library
searches can help find hazards of specific compounds. Additional information
on forecast explosion hazerds 1s given 37 Tomlinson and Audrieth,
reference (19).

Reccamended Procedures for Potentially Explosive Reactions

Flans to run any reactiun that may be explosive or will vield
explosive products or by-products, should be thoroughly reviewed with
supervisicn. The following recammendationus apply:

1. The scale of reaction should be limited to the ecallest
practicable guantlty, in any case not more than one-tenth mol* of
poventially expicsive material. bHicro-anslytical techniques can help
in drawing valid conclusions from this small-scale work.

2. All personnel within the arss saculd be comlately shielded
from direct line missiles. For the recommended scale, a minimum of & in.
standard safety glass (not tempered gluws), £ in. "Lucite", or 1/16 in.
mild steel is adequate. There should be a minimum spacing of ten inches
betweer the shield and the reactor to prevent high-velocity Iragmentation
of the shield.
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#The first experiment should be limited to one-hundredtn mol.
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3. Conduct all operations by remote control. There is no point in
shielding if you reach around the shicld, Before starting a reaction,
distiliation. or other operation, think *hroqgh_f“e whels nrocedurs and
make sdequate preparation tor safe handling of pctentiilly explosive
rroducts or residues.

L Diiution of an explosive meterial with enough solvent can nmake
it entirely non-expiosive. However, the possibility should be borne in
mind of dangerous concentration of the material by fractionetion, separation
of liquid phases, etc.

5. Cooling with Dry lce or liguid nitrsgen is helpful in menmipuleting
unistabie explosive materials. 'Ihere are compounds, however, which may still
explode when cooled thus. Liquid air is not recommended because of the
danger of scattering liquid enriched with oxygen iu case of explosion.

6. Gas mixtures, even though used in the non-flammeble ronge, suoculd
be regarded as explosive materials if they could possidly became so0 by
incorrect mixing. Hydrogen with air is an example of such a mixture.

7. Successful compietior of small-scals experiments without explosica
wust never be taken to prove absence of hazard,

Recommended I'rocedures for Potentially Violent Resctions

Many reactions with large Leat or gas-release are potentially violent
but nct explosive because the materials react very rapldly dwring miving,
sc that dangerous quantities of unreacted mixture Jo nut build up. o, such
reactions, the foliowing recommerdations apply:

1. Unless the specific rezaction is well kaown, the first run should
be cn a very swall scale, even though others elsewvhere have made imrper
runs. Once the reaction is known to proceed promptly and smocthly,
consideration may be given to larger scale reaction.

2. Any indication of an induction period, or delayed reasetion, should
be taken as a dunger signal, putting the reaction of this type in the class
of potential extreme vioclence or even explosiveness.

3. All measures for reaction ccatrol should be simple, rugged and
sure vo work. These control measures include gradusl additicn of reactants
and effective stirring, heat dissipation, gas venting, and temperature
indication. 7f possible, same means should be available for gquenching the
reaction in case of need.
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4, You and your neighbors should be protected by shielding.
Perscaal protective equipmeént such as goggles and gloves should also be
used in the vicinity of the experiment. Precautions shculd be tasen
azainst {ire in case ihe reaction gets out of contrcl.

PRRUALU L ZaBie SOLVENL'S

Peraxides that form in cammon laboratory scolvents have been one of
the most treguent causes of laboratory explosions. Such explosicns occur
oet frequently duw 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 cainot be avoidad
concentration of peroxides in the explosive must be preveated as they may
initiate detonation. Explosionc nave been known to occur during opening
of bottles in which ethers had been stored.

B

The foliowing compounds are examples of common laboratory solvente
that peroxidize essily:

Ethers Hydrocarbons
Dioxane Cyclohexene )
retrenyaroliuran Teirmydronapihialenc gtetralin}
Diethyl ether Decahydronaphthelene {decalin)
Diisopropyl ether Branched-chain s~curated hydro-
Ethylene glycol dimethyl ether carbons

Diethylene glycol dimethyl ether Alkyl-substituted cycloaliphatics

The rate ot forma. 'cn of peroxides is increased by =.posure to light,
heat, and air., It can be very rapid. For example, a detectable am~unt of
peroxide has been noted in cyclonexene within one hcur after disciilasion
fram sodium and storsge in a glass-stoppered bottle.

Precautions

1. Zasily peroxidizable solvents shauld be protected frum light,
rheat and air during storsge. Blanketing with nitrcgen and use of well-
closed containers are recommended.

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

3. Such conteiners should be dated when first opened (2) after

receipt from the vendor or (b) after removal of peroxides amd storage
under nitrogca.
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2 s9lvent: thac .aave been exposew Lo arr snould he
£ gix montc. Then they should be discarded or else

§. FBetore p naroxidiz le so'vent is used in an opeiaticn ir which
any counveined peraxidecs would W concentrated, +the zolvert abanild he test
for peroxide content. Test methods are described belov  If peroxides are
vresent, they should be removed. Removal methodc are described below.

5. wuring distillstion of a peroxidizable sclvent, air should not
be allowed to came in contact with the hot solvent.

7. A peroxidizable solvent that 13 being concentrated and: the
regidues obtained should ve treated as explosive materials s3 outlined in
the above section on Explosive or Violent Reactions.

Detestion of Percxides

1. Dissolve a sample in glacial acetic acid. Add a few drops of s
10-15% solutior o 1’ sodium iodide in acetone. 1f a color develops, peruxides
are present. A yellovw color indicates & low conceatration, anc brown a
righ concenuratlon cof peroxide in the sample.

2. Add some of the materisl to be tested to an rcidified 5-10%
aqueous solution of sodium or potessium 1odide. Agitate vigorously if the
material does not dissolve. Add starch solution to the aqueous phase. If
a biluge color develops, peroxides are present. If the peraride concentration
is high, a yellow color may develop before the starch is added.

Removal of Peraxid=s

There ure several established lsboratory procedures for removiag
peroxides from solvents. No matter wnich 1s used, twe treated sulvent
ghicould always be tested to check the sffectiveness ¢f the trestment. The
fullowing are representative.

1. Peraxides can be removed conveniently by paasing the solvent
through A short column of ordinary activated alumina. This method is
2ffec . ive for both water-insoluble solvents and water-goluble solvents
(e::cc;‘: for lower alcohols). It nas the edvantage thar no waeter ie
introduced into the wolvent, and small emcunts of weter that way be present
are rcemoved. Waien not even traces of peroxide can be tolerated, it is
convenient to have tha solvent flow directly inte the reaction vessel Irom

he alumina column. For results obtainable with this procedure see
refereace {20} .
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Care should he usea 1n dispousing of the aActivatad alumina after this
operation. uxperiments with peroaxidized cyclohexene and dioxene indicate
That 8T BHBL Luesty pErOALuEs 6Te decampueca i 9hie alundiad rather tlan
simply sasorbed. To be on the safe side it is recomrended that alumins
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<. Peroxide impuribies iu water-insolubls scolvents {ether, hydro-
carbu.a, etc.) are easily remuved oy shaking with a concentrated solution
of a ferrous s&lt. A frequently used ferrcuc salt eclution iz prepared
either from 60 g. of ferrous sulfate, 6 ml. of concentrated sulfuric acid,
and 110 ml. of water or fram 100 g. of ferrous sulfate, 42 ml. of coucentrated
hydrochloric acid, and 85 ml. of weter. With some ethers, traces of aldiehydes
are produced by this treatment. I1f 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. Cne of the oldest methods of peroxlide removal involves refluxing
tha peroxide-containing sclvent over metallic sodium, followed by direct
distillation. 'hcently, sodium hydride and 1ithium cluminum hydride have
hercome popu.ar for this use. Peroxide impurities are safely reduced to
alcorelis which remain behind an iwscluble alcoholates during distillatioa.
This procedure can be used generally for hydrocarhons and ethers; remember,
hovever, that a sericus explosion can result when halcgen-containinrg
aolvents, such as cerbon tetrachloride, chloroform, "Perclene', "Triclene".
etc., are nenied with strong reducing agents such as free metals or their
hydrides. Obvicusly, orgm.': reagentsa such as alcohols, phenols, acids,
ete., which contain acidic hpircgen atoms *hat react with sodium, cannot
he purlfied by thic mathod.

OXITIZING AGENTS

Hazards in Handling

COxidizing agents are, by their very nature, hazardcus coampounds with
respect to explosicns, fires and burns. Scme are poisons and allergens as
well. Many of the camonly erployed caidizing agentu are classified bel
according tc their primary hazards. This lisc is not necessssily complete.

Since perchioric acid and perchlorates are especially danzerous
because of their sensitivity and itremendcu= rotential destructive pover,
special pemmission freom curevision uist be socured before working with them.

Nitrates, chlorates andi other compownds of axidizing acids should be
handled wiun care whieneve: iked with reducing aceats and corbustible

terias., Systems contilndiy va calllllng Acll or salt and c-ganic matter
constitute potential explsives. ixvures containing salts of axidizing

gells ere puarticulariy dangerous in the anbydrous state and when subjected
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to heat ard strong acids. Practical exemples of this are common laboratory
cleaning sclutions »nud nitrating mirtures. While most of these acids amd

In respect to the explosion, fire and burn hazards, similar
escedderdiona apply to the volatiie oxidizing sgents. In gencral, ligh
temperatur2s and Lagn concentrations are ¢ be svaided wheneaver posaible,

and any spilled oxidizing agect should be cleansd up prowptly.

The better known volatile oxidizing agents all have strong
physiological effects. Every one but axygen is a poiscn, and when irhaled
the fumes may be isihal.

REAGENTS WHICH CAUSE FIRES, EXPLOSIONS AND HURNS

Oxidizing Acids and Their Salts. Iodates, periocisies, bromates,
hyprochlorites, chlorites, chlorates, perchlorates, nitrites, nitrates,

permangenates and chromates; especially r~aits with reducing ard cataiylic
lone.

Volatile Reegents. Ozone, ~J.¢en, halogens, internalcgen coampowsds.
end compounds with nitrogen-hslogen, nitrogen~axygen, and oxygen-halngen
bonds . ’

Solid Reagenta Higher-valence campounds of seleniwm, tellurium,
mercury, thallium, lsad, arsenic and vanadium.

CHIORO.YURCCARBONS

Flammab ility

The lov flambility of the chlorchydrocarbons as a group is one of
the principal reasms or their wide comercial use. The members of the
group vary somevhat in “lapmability as indicated below:

Methyl Chloride - moderately 7lammable with molerate explosion
hazard.

¥ethylene Chloride - pructically non-flarmmable at ordinary
temperacures.

Trichlorcethylene - non~flarmable at ordinary temperatures.

Carbcn Tetrachloride, Perchlorosthylene - non-flammable.

Chloruform, Methylene Chioride, and Trichlorcetliylene - ferm weakly
caubustible mixtures at high temperatures with high cencentrations of salvent

varor in aip,
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Toxicity

The toxicity of the chlorchydrocarbons is the principel hazard in
their use. A gocd general rule is that human beings should not be exposad
o an ol sophers Ll whichk the Aor o shlershidracarbon 1s detectable.
However, the msmbers of the group vary conside'*abls in toxicity amd for this
reason attempts have been made to establish maximmm concentration limits in
air for the individual chlorohydrocarboni. For example, the American
Conference of Governmental Industrial Hygienists has set up & list of values
called "threshold limit values" vhich are defined as the marximm concentrations
in air to wvhich an individual may be sublected over & long period of time
without experiencing undue discomfort. These valuss are given below for
some of the chlorchydrocarbons in comparison with same other solvents
camonly used in the laboratory.

Threshold Limit Values (April 1960}

vol.
. Methyl Chloroform 500
' Methylene Chloride 500
o Trichloroethylens 200
Perchloroethylene 200
Ethylene Dichloride 100
Methyl Chloride 100
Propylene Dichloride 5
Chloroform 50
Carbon Tetrachloride 25
Tetrachlorouthane 5
Pentachloroethans 5
) Ethyl Alcchel 1000
— Acetone 1000
n-Hexane 500
iso-Propyl Alcchol 40O
| . Msthyl Mlcahol 200
Toluene 200
Dioxane 100
_ Ethyl Acrylate é5
. Birzene 25

Moximo Lonnentration values have also been established by State health
authorities and these wnsy ve-v for sme compounds from two to tenfold.

The first evidernce of the pny.ivlogical action or the chlorohydro-

v carbenz 18 2 uarcotic effect. Cymptons of excessive exposure include
headache, undue faiigue, or wtvsea. Some of the solvents are rapidly
. elizinated from the system on access to fresh air, wiih no evidence ot

pesn. ment effects on hody orcans. JGthers, on repented exposure, may

O
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produce delayed or cumulative physiological effects, such as liver daxage.
Carbon tetrachloride is reported tc have this effect, even in low
concentrations, and some others may also.

Partienlar attention is called to the low allowable concentrations
for tetrachloroetiiaue &ild pentachlorcethane. The maximum velues for these
campounds are lower than for hydrogen sulflde or hydrogen cyanide.

Trichloroethylone-Dry Ice freezing mixture is frequently used in the
laboratory. The trichloroethylene should not be sllowed to stand in an
cpen container between uses,

Contact of the skin with chlorohydrocarbons, both ligquid and vapor,
should be avoided. Abscrption through the pores may produce the same
physiological effects as inhalation. Removal of naturs) oils from the skin
may cause irritation. Contact of vapors with the eyes should be avoided
hecause of the sensitiveness of these organs.

Stability

Under ordinary use conditions, there are rno hazards in the hanmdling
of the commercial chlorchydrocarbons due to instability. On exposure to
high temperatures (e.g., open flames or open elactric heaters), tae
chlorohydrocasbons may decompose to form toxic and corrosive products.

Reactivity

In the presence of sodium, caustic, or caustic solutions, 1,z-di-
chloroethyiene may form monochloroacetylene; trichloroethylene may form
dichloroacuiyiene; and tetrachlorethane may give either of the chloro-
acetylenes. Since the chloroecetylenes are highly explosive, contact of
caustic with the ebove chlorohydrocarbons should be avoided except urder
carefully controlled experimental conditions.

OTHER COMMON CHEMICALS

While the handling hazards of some of the more dangerous chemicals
frequently used in our laboratories iiave already been described, there are
many others which present various types of hazardes vhen not handled in the
proper mannor. It 4o beyond the scope of thia manual to include all of tnase
chemicals, but a few of the more caxmon materials have been selected for
discussion. For hazerds encounterad in handling chemicals not contained
herein, rsfererce material in the library and Safety Group should be
consulted . See references (2), (21), (22), (23), (24), and (25).

e
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Acids

The mineral acids are very corrosive and capable of producing
gerious injury or death if handled careiessly. These precautionary
meac'ires are required to be followed when these materials ere handled,

1., Wear goggles when pouring acids.

2. Avoid contact with skin. If spilled on ekin, wash immediately
with copicug emounts of water, Tf there is any evident burn irom the
acid, report to the docter immediately.

3. Spillage on floor or bench should be clea 2d up immediately
by flushing with wuter or dilute sodium carbonate or bicarbonate.

4. Do nol use cambustibles such as cloth, sawlust, ur other

orgenic materials tc mop such spills.

5. Alwavs pour concentrated acids such as sulfuric acid into
wvater and never vice versa, Use pood apiiation,

6. Avold inhaling acid fumes.
Alkulies

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
siould 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 end wear necessary
protective equipment. In making solutions, always add flake or granular
forms of alkaliea slowly in small portions to avoid bo.ling and spattaring.

3. Spillages of these materials should be flushed awvay quickly and
never left unattended. If the materizl is a solid, it can be shoveled
avay and then dilute acetic acid vsed to ncutrallze any remaining traces
of the material.

L. Avuid breathing of ammonia vapor. If 1t {s necessary to work
in arza with high concentretion of ammonis, wear a Chemox or 8-mimute sling
rask that covers the eyes.

Mercury

1. Mercury and its compounds should be stored in a cool, well-
ventilated place away from areas of acute fire hazard. Containers sho:ld
be kept clczed anl plainly labeled.

un
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2. Mercury or its compounds should never be heated in the cpen,
but cnly under a fume hood.

3. Spills of mercury should be cleaned up immediately. If this is
not possitle, wel the ares with water or sprirkle celeium sulfide liberally
onLto area until spiliage can oe cleaned up.

., Droplets of mercury can be picked up readily using & small steel
pipe or glass pipette connected iv & suction fiask by small bore rubocer
tubing .

ury ice

Dry Ice iz a proprictary name for 20lid :arbon dioxide. At ordinary
temperatures it will turn into gaseous carbon dioxide. The lawnter, in higa
concentrations, paralyzes the respiratory center and cauuses aspi:yxiation.

1. Wear dry colton gloves when iiandling Dry Ice and 4o not allow
it to come in contact with any part of the body because of danger of
frost-bite,

2. When breaking large piecec of Dry Ice with a mallet, wear
goggles, and use e¢xtreme care that tlying pieces do no: endsnger others
in the area.

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

L. Wnen preparing mixtures of Dry Ice ard trichloroethylene or other
liquids, add the Dry lce slowly to control rate or gas .volution end aveoid
sptttering. Wear goggles.

Ethyl Echer

The greatest hazard in the handling of ethyl ether is that o fire
and explosion. It is a highly fiammable liquid with a flash peint 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 anaesthesia,
narcosis, and intoxication resembling that produced by alconol. If ether
conteining ethyl peroxide is distilled in such a manner as to concentrate
the peroxide, it may become explosive.

1. Preparations coutaining ether should be heated or distilled only

over a steam bath or a hot water bath without an exposed heating element .
This operation should be carried out urder a hood.

4]
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2. Materials containing etner should not be pla-ed in electrically
hested ovens.

3. Before ether is distilled ii should be tested for pesroxides. If
perox des are present, they shonld be removed. OSee section above on
Peroxidjizable Solvents.

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

HAZARIOUS MIXTURES

The possibility that a hazardous mixture may be used or formed in
carrying out a chemical reaction should never be overlooked. The rate of
reaction, the possible catalytic effect of structural materials, the heat-
transfer capacity of tlLe equipment, the stability cf the products, amd
possible by-products, the toxicity and flamrability of the off-gases, etc.,
are important considerations. Previous sertlons ii this manual, as weii
as the tables below, should be consulted and memories refreshed for
furnishing background Informatisn on incompatibie chemicals before deing
work involving a new chemical reaction.

Hazardous mixtures may also result during chemical storage. Cars
must be tuken to prevent the mixing of strong acids and alkalies, sodium
and water, carbon disulfide ani nitric acid, etc. These could cecur by
spills, fires, or explosions near stored chemicals which might lead to
other fires and expivsicns of a serious nature.

The problemr of weste disposal in the laboratory should also e
caref™illy consildered. Organic residues shceald not be placed indiscriminately
in u waste can wvithout sufficient deactivation of the material and a
imoviedge of the contente of the wasie can.

Care must be takan to use the right ‘ype of extiuisher for
laboratory fire to prevent seccndary reactions. Thus carbon dioxile
extinguighers should not be used on sodium or uagnesiun fires.

The following tabulation gzives a great many known hazaerdous
combinations of chemicals Necessarily, no list of this sort can be
corplete, and it should therefore te considervd primerily educationsl.

1. ACETYLENE and chlorine (or bromine, fluorine) {explosive
reactions).

2. ACETYLIENF ard air {explosive range fram 2.5 to 82% CH, by
volume). =

42




3.

NOLTR 61-138

ACETYIENE and metals which form unstable escetylides, such &s

copper, silver or nmercury.

b,
5.

AICCHOL. =nd nitric acid (rapid oxidstion; heat of reaction).

ALCOHOL and active chlorine {or hynochlorites) {alkyl hypochilo: ites
JI A P

form which are very unstable).

5.

7.
chlorate).

8.

14,
chlorates,

15.
16.
17.
18.
19,

AN
2l.

22,

23.

air).~

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

AMINES or AMMONIA pius oxyanions {perchiorate, nitrate, chlerite,

AMONIA and nitrcus acxide {an explesive mixture).
AMMONIA and mercury (mercuri-smmonium oxide formation).

AMMONIA or ammonium salts and halogens (violently explosive

AMMONIA ard silver or silver salts (Ag3N or Ag,NH formation).
AMMONIA and calcium hypochlorite.
AMMONIA and hydrogen fluoride.

AMMONTWM nitrate with acids, mestal powders, [larmable liquids,
nitrives, sulfur, finely divided organics or combustibles.

AMMONIUM PERCHLORATE and carhon (exothermic decompeaition).
ANILINE and nitric acid, hydrogen peroxide.

AZ0 campounds plus organic reactants or impurities,
CALCIWM METAL and sodium hydroxide {devonation).

CAICIIM CARBIDE and water {see also acetylene).

CATCIUM OXODE anl water.

CARBON-ACTIVATED and calciwm hypochlorite.

CHARCOAL and sulfur, sodium nitrate-Black Fowder.

CARBON TETRACKIORIDE and electric avc (phosgene in presence ot
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2. CHLORATES, PTRCHLORATYS, and ammonium salte; arids, metal
powders, sulfur, Tinely divided vrpaulos or combusiibles {violernt
axidation).

2y, CHIOWINE wed wamonla, acctyleag, butadiene, hutane and other

petroleun gases, hydrogen, sod’um carbide, turpentine, benzene and finely
divided metals.

26. CHLORINE DIOXIDE and ammonia, methane, ohosphine, Lydrogen
sulfide.

27, CHRCMIC ACID and
‘l
-

acetic acid, nepnthalene, camphor, glycerine,
and other 7

turpentine, alcwho lommahie 1imiids (violent reacmic;;).
28. CYANIDES and acids or acid salte (HCN formation).
20, CYANIDE SOLUTIONS and chleorine gas (HCN, CQNQ, CNC1 i‘ormation).

30, CYANIDES and concentrated formaldehyde (a cyanhydrin forms
which may polymerize with violence).

31, CYANIDES and nmitric acid {explusive reaction;.
32, FURFURAL (end derivatives) end strony acids (polymer formation).
33. FORMALDEHYDE and nitric acid (vioient oxidation).

34. Gas evolving mirtures in closed containers (prossare ruptures).
35. HYDRAZINE and ferric oxide {ignite at 23°C).

[ Ree)
4

TORUCDH wd chilorine, vapor phase (viclent reaction).

w
(¢4

37. HYDROGEN and air or oxygen mixtures (explosive 1f in contact
with sparks or flames).

38. FYDROGEN PEROXIDE and lead, copper, iron, most metals or their
salts (particularly thiocyanate), any flemmable ligquid, combustible
materials, aniline, nitrometharne.

39. HYDROFLUURIC ACLD anc amronia, aqueous or arhydious.

40. KIDROGEN SULFIDE and fuming nitric acid, axidizing gases.

4).. HYDROCARBONS and fluroiue, chloriue, bromine, cnromic acid.
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h2, IC2INE end acetylene, ammonia.

k3. KETONKS plus hvarogen peroxide and nitric acid (formation of di-
anvl tricycloketone peraxmest

45, MOLTEN CYANIDES and oxidizing agents (explosion hazard).
46, MERCURY and lead or aluminue metels (alloy formation).
4L7. MERCURY end acetyleny, fulminic acid, ammonis.

. MERCURIC NITRATE ard hydrocarbon oils (viclent reaction with
unsaturates).

50, NITRIC ACID {conc.) and aceiic scid, aniline, chromic acid,
hydrocyanic acia, hydrogen sulfide, rlammable liguids, flammable gases,
nitratable substances.

50, NITROFARAFFINIS and inorganic bases.

51 ORGANIC CHLORIDES and peraxygen compourds.

T

42, ORGANIC CHLORITES and meials - al.misun powder, iron (particularly
in presence of direthylformamide, dimet.hylacetamide) may be explosive.

53. OKYGEN and oils, grease, hydrogen, flemmabtlie liquids, solids or
gaces (explosion hazard).

54, PURCHLORIC ACID and acetic -whydride, bismuth and its alloys,
.C00Y, paplr, woxi, g reasc, oilss

55. PEROFIDES, ORCANIC and acids (avoid frictien).

56, PHOLDHOKOUS (Will1) and eir, axygen

|
=l

PUTAGGIUM metal and air (KEO?; formaiion) .

b}

58, POTAUGIUR TEIHOKIVE and orgunic or cambustiblis material (Tire
hazard).
9. POTASOINN TIRMANGAINTT add iyrerine, eunyliene glyoul,

benzeldehyde, svlturic acid.
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63, OILYER and acetylene, oxalic wcid, tartaric acid, fulmirnic acié,
ammonium compounds.

61. SODAMIDE and moisture plus air (explrsive compound forms).

62. SODIW (and other slkaline and alkalise earih metals) and carbor
dioxide, carbcn tetrachloride and other chlorinated hydrocarbons, water.

SODIUM and SODIWM PLROXKIDE [vinlent reestjvity).

M
w

64, SODIUM HYDRIDE end air or water (hydrogen hazard).
65. SODIUM MONOXIDE and water (fire hnzerd and very caustic).

6€. SODIUM MONOXIDE or sodium hydroxide and chlorinated hydro-
carbons (possibility of chloroacetylenes forming).

67. GODIUM MONOXIDE and solid CO, (violent exothermic reaction).

68, SODIUM NITRATE and ammonium nitrate or other ammonium salts.

69. SODIUWN PEROATDE and any oxidizuble substance, such og ethanol,
glacial acetic acid, acetic anhydride, benzaldehyde, carbon disulfide,
chlorinated hydrocarbons, glycerine, ethyl acetate, furfural.

T70. SULIFURIZ ACID and chlorstes, perchliorates, permanganates.

71, VINY!L ESTERC and alkalies (very exothermic).

STORAGE OF CHIMICALS

hould be clearly labeled to show the

%]

Coniainers of storel msterials
ident ity of the contents.

The quantities of chemicals stored in a laboratory should always be
kept to & minimum consistent with needs of' the work. Arrangements should
be made for isolated stornce of chemicals in more than normal laboratory
quantities. As soon as a job has been completed, the chemicals that were
preparcd as part of the iob or obtained especially for the job should he
discarded or placed in excess-chemical storage, except for reterence
swaiples that must be retained. Relained sampies should be checked at
remiiar intervals and discarded when no longer needed.

The properties of a chemical, flrequency of use and quantity involved
should all be carefully considered es bases for declding where and how to
store it. OStebility, taxiclily, and flamiablility are particularly immoriant
properties,
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Refrigerated Storage

It is tne responsibility o1 each chemist to devermine whether a
hemical is stabie encugh to be stored safely at rowm emperature or

rould be refriserated.

23 0

SATETY PRECAUTIONS FOR PILOT PLANT
LXPLOSIVES LOADING OPERATIONS

GENERAL UAFETY REGULATIONS

1he _ollowing pgeneral safely regulations apply to operations under-
taken and involved in developmental loadings of higl explosives. The
sefety instructions irncorporated in ihis report are not meant to be ell
encampassing. Constant change in Lechnology, applications tc¢ new materlals
and equipment, e-.c., necessitate that all proposed operations he examined
very carefully as to potential hazards and as complete a safety instruction
prepared as possible. [he hazards of handling, mixing, etc., are usually
easily defined and controlled. The hazards which are basically due to the
chemical and physical nature of the explosive are usually more difricult to
analyze. Prior to beginning any work impact sensitivity date, vacuun
stabality iuforalion «adl ovlier sensitivity test data should be chteined,
This information should be well known and understood by supervisors before
starting work. Do not depe:d on data from lshoratory scaled work, until
such data has heen substantiated by tests of plant produced material.

Hazards Jhould Be Understood

Posyible huzardis of every operation should be analyzed. Employees
must know the nature of all work being done and the exact properties of ail
materials handled. Supervisors should inform employees of expected hazards

and how to avoid ibeonm.

tiazards Should Be Kept To A Minlmwa

Keep to a minimun the amouni of explosives handled; the number of
persons and equipnent exposed; and tlie exposure time. Posted limits of
persons and equipment must be observed. Keep only minimum limited quantitie
of explosives and conpleted or partially loaded parts present at each stage
of an operation.

Cleanliness

Personal cleanliness i important. Gloves and protective rlothing
are available and musi be worn as operations require. !Hamds snd face should
be washed before all intermissions for smoking and {or meals. Showers must
be taken at the enu o1 ihe worhing day as required when Loxic explosives
or materials are iuvolvel In operaticns.

I‘;T
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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 agsume that proper safety precautions have been taken. iake sure
tuey nave.

figuegkeeping

All loading operations will be conducted in a neut and orderly
manner with regular clean-up operstions each day and a complete cleaning
operation each weekerd. Supervisors will insure good housekeeping and
maintain effective policing throughout the loading ares and surroundings.
Bffzotive cleaning methods will be used to minimize the accumlation of
explosives or explosive dust and insure its removal from floors, wails,
ceilings, ledges, tables, etc. A cumplete washdown of plant and equipment
is advisable at set intervals throughout the ymar. The frequency of such
washings will depend on the type of work carried out, degree of dust
generated, etc. Periodic clean-ups muat also include the "less obvious
places"” such as interiors of ducts and ventilators, overhead pipes,
auxiliary equipment, bearings, etc. Pay particular attention to arvas
where explosives might be exposed to heat.

Receptacles For Storage Of Explosives And Explosive Parts

Keep explosives and explosive parts in approved covered receptacles,
with covers in place vhen material is not teing teken out of or put into
the receptacles. Receptacles should be cliectrical 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 rom Electro-Static Charges

Protect operations fram electro~-static charges by effectively
grounding all machinery, equipment and fixtures, and, vhere necessary,
employ suiteble grounded conductive coverings for floors, work benches
and tables and workers' conductive shces. Workers' clothing of a type to
minimize the accumulation of static-charges should be worn. This is of
particular importance when handling raterinls developing dust, cxtremely
sensitive explosives aid Inflammable solvents and should then be regarded
as more than a routine regulaticn. Conductivity checks should be made
pericdically to insurc that grounding wirec, lighéning protecticn, conductive
floors, floor waxes, etc. provide sufficient greounding.

4o
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Safety Fgquipment

knrorce tne wearing 0.0 safety equipment, suiteble safety footweer,
gorgles, gloves, respiraters, rard hets and impregnated garments to protect
s

Removal, Storage And Handling of Zxplosive

Explosive scrap produced uuring loading and later cleaning is usually
removed from explosives lcading plants by Tlushing with water to a drsinirg
system. Betore the water stream leaves the loading area it must pass
through a catch basin wherein the explosives aie retained. Catch basins
must be emptied periodically to prevent accumulaetion ¢f dangerous amounts
of explosives. Thecs accumulations of explosives must not be allowed tou
dry and must be destroyed without deley. Heat evolving, and therefcre
dangeraus, deconposition can be detected by temperature measurements.

Be extremely careful of reactivity between components in the catch
basin., vuen hazards could possibly develop isolate catch basin scrap by
cleaning tmmediately before and after special opersations. Use extreme
care in emptying scrap basins. Tossibie Lazaris are lach o oxygen and
toxic gases in pits. Use sparkproo:y shovels, when friction sensitivity
permits, otherwise wood or plastic tools.

Handling and siorage of explosive scrap can be cXtremely dangerous.
These basic rules should always be followed:

{a) Unless it is known that explosives are competible, do nct allow
cne scrap explosive to be combined with another.

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

{¢) 'The amount of explosive scrap present must be included in the
permitted amount oi” explosives. 'Therefore, in order to avoid inconvenient
restriction of the amount of" explosive working materiel, scrap should be
removed frequently. Also, this should be done to keep amount of present

- explosives as much below thc permitted limit as poscible.

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

(e) Come explosives can be rendered less sensitive or more stable

by removel of water soluble components. This should be considered when
handling or storing explosive serap.
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There are no simple rules for magazine storage of many of the
expiosives involved in this work. Storage of materials not included in

instructions iu OP 5 should be guided by:

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

(b) Regaru all new compcoitions with any potentis>ities at all
tovard unetability as questionablc armd maintain a direct temperature record
on the meterial as well as the magazine until experience has verified that
it is stable. Keep in mind that a slight change in components, a change in
an ingredient purity may place the explosive system from a stable to an

unstable econdition.

(¢) Be extremely suapicious of sysiwms which do not have the
vacuum stability characteristics of present explosives such as Composition B,

and HEX,

(i) Never atore high erergy saterials of unimown ~tability with
other explosives.

(e) Do not store powisred metais with explosives or with other
axidizers.

(f) Do not store oxidizers, i.e. ammoniu=n perch!arate, ammonium
nitrate, with explociver.

(s) Explosives anmd high energy materials of low stability or
unknown stability must be kept in isolatior megazines and under close
surveillarce. [t 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 Sumes . the nitric oxides, the odor of formeldehyde
or chlorine. ‘Theee indicate a reaction which could go out oI control.
Vailure of the cooling system to keep th¢ tcmperature below established
meximum is a crit cal wvarning that the situation 13 getting out of control.
“his warning must never be ignored. Do something! Get out! Action in .
case ey of thesc danger signale appear must be planned in advance. I no
plans have beer made n prior cuisulimiions wiili yoaur supervisor lcave ti:e

place with cut delay.

(i) s using solvents w ap $n aind Yat the toxie, flammable, or

explosive clhiaracteristic may prezent a greater hezard than the explosive,




PREPARATION OF PROCEDURES AND INSTRUCTIONS

(1) Job procedures for this type of work shall be written to include
al)l available information on the chemical and engineering characteristice
of the materials involved,

(2) VWnhen procedures are released to & sipervisor
there shall be no deviation from the procedure except by authorization in
writing by higher author. v,

(3) Operating instru:tions shoull be prepared for each unit of process
equipment.

(4) Operating instructions should be prepared for each task assigned.
Where tasks are invoived and consist of many non-related operations, the
procedures should be tied to individual operations rather then the task.
Whenever possible write a universal type of instruction applicable to a
particulai’ operation or task to avoid r.snecessary instruction preparstion.
However, every task assigned must have un operating instruction, which may
refer to the universal instriuctlon.

{5) A safety instruction must be included in the cperating instruction
for each task or vperation. This porticn of the operating instruction
should be rade conspicuous by underlining, printing with bold face type,
separation in space, or other suitable means.

SAFET{ PRECAUTIONS FOR UNIT OPERATIONS AND PROCESSES

Size Reduction

When smsll arounts of conventional explosive fires are required, -
for example 1. preparation of a sample for analysis, these may be pr.,. s
by hand griming using & mortar and pestle constructed of ligmm vitas.

Oxidizer materials should be pruceased bechind sufficient barricading

-

to protect operators. Prior to riiiing make sure:
(1) Material i{s free of contaminants and foreign materials.

(2) Equipment is installed and maintained so thst no lubricants
can lsak into the milling chamber or contaninate th» oxidizer in any
manner.

Me~harical sire reduction shouid not be attempted on sensitive
explosivea aystens such as perchlorate systems, sxplos.ve systems
containing nitrcglycerine, or on sensitive explosives such as ROX, HVX,
FETN. Aay reduction male by methods such as recirystallizaticn should be

N
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done prior to formulation. Explosive ingredients which are insensitive
enough to permit reasousble safe milling should be milled before
formuli.tion of the explnsive compusition. Water or other inerd dispersant
should be used to decrease sensitivity during milling whenever poscible

or advi able,. Nhe seasitivity of the wet mixture should be determined
prior tc milling as the sensitivity is not always reducsd by liquids.

Dispersion of explosive cdust fram dry milling must be prevented by
dust collectors. Organic chemical dusts must not be dispersed in air
becasuse extremely violent explosions result if the dust in air is
accidentally ignited. Provision must also be made for fire hazaxds.

Ftration

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

(2) When flammable solvente are involved, limit operator's quantities
of soivent and expiosive. Provide autamatic spriakler system firc protection.
Use waler soluble solvents such as acetone or alcohol if possible. The use
of Tlammable solvents should be evsidod Aif at all possible. The alternatives
are water or toxic halogenated, usually chlorine contatning campounds.

(3) Wnen filtering explosives use gravity flow. Do not use gear or
piston pumps having metsl working parts. If pumping .3 necessary use
dlaphragr or similar pumps with rubber or plastic parts. The effects of
solvents, plastic parts, etc. on development of static charges should be
considered. The ccumpatibility of the explosives with solvents and equipment
parts with which they make contact must be considered.

Blend ing

(1) Avoid the generation of explosive dust by the use of ventilation,
dust collector systems; etc.

(2) Consider sensitivity levels prior to deciding on the procedure
and safety precautions and utilize remote control operations vhere necessary.

Size Separation

Do not attempt to dry screen explosives in the sensitivity range of X,
PETN. When size separation is necess~vy, use & wet screening method,
settling method or other safe process.
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Crystallization
(1) Select water soluble solvents vhen possible.

(2) Provide sprinkler system protection vhen flsmmable solvents
ae invoived.

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

Drying
(1) Determine vhether a remote coutrol operatioa is neceasary.
(2) Determine that drying will not incresse senajtivity.

(3) Determine that drying will not create a reactive material with
possible decamposition.

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

Genersl Svmmation

(1) Avoid hamling of dry, sensitive explosives or explosive
formulations. Do not begin dblending, mixi=y or grinding operations on
explosives vithiout first establishing an effective pre-inspection operation

(2) Equipment installation should be based on strict campliance with
all electrical cotes,

(3) Insure that explosives are compatible with solventc.
() Use taxic or inflammable solvents only when necessary.

(5) Avoid use of non-conductive containera for inf.ammable solvents
and explosive sensitive to static-charges.

(6) Keep axidizers from organic materials, except in process. If
possible add the oxidizer tv the formuletion last. In some cases maximm
sensitivity 18 developad by the adiition of the explosive; in that case,

aat it last.
SAFETY PRECAUTICNS INVOLVED IN PREPARATION FOR LOADING

Ordrance, Explcaive Charge Containcrs, Utc.

(1) The explocive load gust be protected:
(a) Frou metals, plastics, etc., coatings with wvhich it may react
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(vb) Froa the danger of pinching, friction, etc.

(¢} From detonaticn or deflagration in case the container
suptures or s damaged vhen dropped. struck, ete.

(2) Ordnance should be examined and when required the explosive cavisy
shomd be linad with & miitabls, compatible lining materisl such as
compourd, asphaltic, hot melt, MIL-C-3301 or coating coupiual, bitwainous,
MIL-C-4504, or some other suitable lining spproved, spplied to the required
thickness and uniformity. Explosive charge container assemblies should be
designed to provide a safe unit under the expected loading, handling and
storage conditions.

Molds, Pressing Die, Etc.

(1) Prior to use all molds and dies should be examined to insure that
no developmant of friction or pinching action againat the explcsive will
occur.

(2) Materisls of construction and surface finish chould be zelrctal go
as to insure sasy disassembly and easy removal of the charge from the mold.

(3) Materisl: of construction and explosive being pressed or cast
should be selected to eliminate the use of any materials vhich will or
could possibly react with the explesive, produce a gensitive charge, etc.

(4) Materials of construction and design mist insure that there will
be no distortion under applicable loeds.

SAFETY PRECAUTIONS FOR INSPECTION ARD WEIGHIN

All explosive materisls and ingredients included in explosive
compositions should be given an effective inspection for contaminating
substances. Inspectiom may be visual (if eifective) or by screening. All
materisls should be passed over permanent magnets of wufficient strength
to remove all contamination of a ferrous metal nature unlass previous
inspection at the packaging facility makes this unnecessary. Screen vhen
used as inspection :quipment should be of a mesh only slightly larger than
the size of the mmterial being inspected.

Al ingredients must be compatible with the explosive in the explosive
system.

Containers should be conductive vhen used for storege of materials
senaitive to static discharge or vhich easily create a dust sensitive o
static discharge. In gensrsl, contsiners shoulil be fabricated of strong
fiber or plastic material compatible with explosives or of soft alvmimm.
Containers should be fitted with 2 hingsd 1id to permit casy closure and
should be of a aeamlenra construction.
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Unless impractical, explosives in the sensitivity range of HDX ghould
be usad water wet. When this 15 impossible because of problems in chteining
exact weights, etc,, dry RDX, IMX, FETN ard sinilsr hazaxdous explosives
should be nandled and storea in ssamiess rubber or plsstic conteiners,
preferably conductive. Operstions should ba arcanged o that the meterial,
oucs préepared, 15 subject to a minlmm OF carefully supsrviesd (ynnslers.

If extended storage is necessary, restov under wvater as insi wucted in OF 6,
Take whatever steps are neces=sary to insure that containers of FX, etc.
are not drcpped.

SAFETY PRECAUTIONS FOR MIXING AND BATCHING OFERATICNS
These operations ~re divided into two areas of hazard: those which

may be accamplished without barricede protection and those which should be
campleted only under remote control conditioms.

Barricade Protection Not Required
{a) Prior to initiation of work:
1. Insure that equipment is ir good working coolition and clean.

2. Make sure that agitator clearance 45 correct st maximum
operating temerature.

3. Make sure thav texperature sensing and recording instruments
are operating correctly.

L. Heating riuid should be limited in temperature by a suitable
autamatic contrcl device %o stay well helow the temperature level at vhich
thermal dec~~position of the systens beging.

(b) Chasging Ingredients

1. Preheat unit. Note: Where possible swirl breskers should
be installed g0 as to be heated with steam or hot weter.

2. Alwvmys sdd the matevials which provide the liquid phase Tirst.

3. Contrul rste of heating and addition of ingredients 50 as to
avoid chance ot producing large lumps of explosive.

L. Use axtreme caution in addition of materinls which, due to
high heat capacity or rapid heat corduction, could cause the batch to
solidify.

5. Avoid creatich of dust Ly good ventilation.
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6, FDX and explosives of similar sensitivity should be handled
water ve{ whenever poasible. The water can be driven off later by exterded
heating to the “atch, by vacuum drying, etc.

(¢) Vacuum Trestment

1. 1Inaure that drop valves, etc. are constructed to prevent
leakage of explosive onto working parts.

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

3. Insure that there 13 an effective filter between kettle and
pump. Clean ¢s often as necessary to maintain filter madium effective.

4. Set-up a routine on oil change for pump and adhere to change
periode. Check oil visually daily to insvre that filter is operating.

5. For the conventional explosive systems: Composition D, HEX
explosives, TNT, tritonal, pieratol, cyclotols and octols there 18 no need
for a liquids trap, however, this must be considered for other systems ani
installed vhere vapur pressure, temperat e, reaction products, etc., show
a need for it.

Mixing Operations Requ.ring Remote Control

(a) Deteruine whetner or not & composition belongs in this category
by examination of sensitivity data both of the mixture and individual
explosive ingrediente, any avsilable accident data on it or similar systems,
type of mixing operation, possible reactivity, etc.

(b) These a:d similar systems should always be rmotely uixed or
compounded until experience shows the process to be sare:

1. Formulations containing appreciable nitrocellulose.

2. Formulasions ccntaining nitroglycerine,

3. Any mixture of an oxilizer, i.e. ammoniiz perchlorate,
amponiun nitrate, etc., and an organis explosive with or without a metel
should be looked upon with suspicion. An oxidizer wii, a: organic chspical
=ey )20 be explosive.

L. Any mixture with a sensitivity iu the range of HDX.

5. Any mixture of an oxidizer and metal.
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(o) Tua folluing end svailar equipment should aiw N operated
by rwwsts tlirgt wren iving explosives. \

. .. ran mixers ~q

)
<. Mixing rolls

3. Knesders, Sigma mixers, etc. {ver.!cel or horizontal type)

(4) All new explosive compositions or new explosi: s should be
exanined as a pilot plant mix not a laboratory mix for sens.:iivity before
being adjulged safe for processing except under remote control co-ditions.

(e} Since the materials used will be extremely seusitive it is ver,
important to make sure that mixer rotor blades have sufficient clearance,
that close fitting or rudbing parts are eliminated and that bearings or glands
are alwvays ontbomd of the wmixer vhere -ontamination vith explosives can
not occur. Clearance shauld be sufficient to allow for losding and temperature

changes .
SAFETY PRECAUTIORS FOR LOADING

Loading Operaticns Environment

(a) Maintain high standards of housekeeping throughout all operations.
(b) Thoroughly clean equipment after each operation.

(¢c) Use flexible conductivc rubber buckets vhen containers are
necessary in transfex:ing explosives =nd rubber is a satisfactory material.

(@) Avaad spillage.

‘e) Uee wood or sort alusimm rods when required in the loading
operation, reactivity of the explosive permitting.

(£) Have available full protection to employees - gloves, protective
. clothing (flame prouf), face shields, safety glasses, face masks, respirstors,
etc., and insure that protective gear te used as required.

() Limit peraonnel to those necessary to job and keep amount of
explogives to a minimunm.
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Terr v omdive
©.) Kmep chamiur clste.
‘b, See page 5§, "Vacwum o o .

,
. w8ing .

{a) ALl explosive pressinc p .. w3 B! @ INAT oL . 73R
remote control conditions.

o Gy (b) Check out die abo  aorva, -orking pressw:: . o ¢ .- .3
~wgth 26 graphite before us  di: for losding.

form all or - .tions involved includi: - <+~ 3 aste remote

; sives vait at least = > 11 + L.-tor to leaving
(4) When ejectis, :Q.l of die puris or :,8r : :£ the charge.

barricade protection arter .

e/r w.gs, © . .»ats, vhen
(a) Consider use of safety gim wices o,  revent injury in
coniitions are such that these protecti..

case of accilental detonation. ‘ \:

4QADING
SAFETY PT¥CAUTIONS FOR OPERATIONS A .

explosives

(1) Insurc that fastsners, etc., ere not » .avirateu
before disassembling wolds, etc.

(2) Perform all machining, sawing, -hap.. operations on explosi:. .._
under remote control conditions uctil experien.:, evaluation of problems X
and sensitivity data shown operation ueeo ‘..t be remotely controlled. ‘

‘

(3) Disassembly of explosive loxird ordnance should be considered a
remvte control operation if there is arv question of hazard in the operation.

(4) Be extremely cereful in t.~ removal of sisers amd riger frames,
#tc. that exploeive 1s not crimped b« .een metal gurfaces.

SAFETY PRECAU."ONS FOR ASSEMBLY

(1) AL sssembly operations involving :vimping operations on explosives
such as booster cups, etc., should be done under remote control conditioazs.

(2) Although routine in rature, mssembly of cover pistes, fuge vells,
etc. is extremely dangerous work unleas supervisors insist an: ~antrol the
decontamination of' all threadsd fittings aml openings amd Pla. v wuove
explosive can be tubject to extreme forces amdl friction.
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AN ANt mEmoew = .

(3) The liberal use of a compatible grease is a valuable adjunct %o
safety in easemblies when there is a chance of contamination.

e

GENERAL SAFETY PRECAUTIONS FOR MATERIALS

P

(1) When powdered metals are used as a component of an explosive,
surface treatment of the metal mey be required to reduce reactivity. For
- instence the dichromating procees will form & non-reactive coating on
atomized aluminum.

B RN

-

S e e

(2) 1t should be realized that materials which are normally desensitizers
! to explosives can becuze sensitizing agents when used in other explosive
systems. For instance wax used as a desensitizer for HBX explosives will
function as a sensitizer or as an explosive component vhen used with armonium
perchlorate. Do not apply information valid for one explosive systea to
another without careiul study and testing.

(3) As part of explosive assambly operations, use is being made of the
latest adhesives, cements and fillers, including the epoxies and polyasters.
Thege materials can “e very toxic, dangerously reactive and fire hazands,
sec reterences (21) through (25).

FYROTECHNICS
INTRODUCTIOR

Pyrotechnic compositions sve pnysical mirtures of finely powlered
chezical compourds and elements which, when ignited, can readily undergo
cambustion (chemical reaction) with the evolution of a considerable amount
oI heat and light in s relatively short per.ci or time. varivus organic
binders and color intensiflers may be included 1. the mixtures. The reaction
may be accuapenied by smoke and/or sound. The heat of rsaction for one grsm
of pyrotechnic composition may range from 200 to 2,500 .aic—ies per gram
which represents an apprecisble amount of energy. This amount >f energy,
whiile considerable and ofiei, extremely dangerous, is not generally , isaged
in so destructive a fashion as the energy of explosives, except in the cu-=
of photoflash compositions and loowe illuminant and igniter compositions.
This 18 30 because of the relatively low burning rates usually required
of pressed pyrotechnic compositions and the fact that only s relatively
small proportion of the reaction products are gasctous, 8o that the released
\ energy is dissipated as heat and not comvertel to mechanical energy. However,

> in the researrh and development of pyrotechnic campositions; it must be
\ remembered that lovse compositions such as photollash mixtures, iter,
v, and fest burning.illuminant compositions may react with destructive violence.

/
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This is due cssentially to these factors (1) the amount of air contained
4

in tha nm‘ln g well ax ihe gegemc produsta of tha rezction, la) the

great speed at which ths enogg may scoetimes be releassd and (3) the | high
heat of reaction; all these factors favor shock vave formation and, thue,
destyuctive effect. The temperatures reached during the reactions tmic.h
take place in pyrotechnic compositions range fram 1000°C to over 3500°C,

SAFETY PRECAUTIONS FOR WORK WITH PYROTECHRICS
Hazards Must Be Understood

Before undertaking a projoct all details must de analyzed and
theroughly undersiood. The chemist or chemical engineer should write a
Plan of operstions with particular attention to pertinent safety precautions
to avoid all heazards. The plan must be discugsed with tle swpervisor. If
availeble squipment or fscilities are deemed inadequate for safe operstion
as planue=l, the supervisor should be so informed at this time. Defecte of
facilities and equipment will be corrected before procedinz with operations
in accordance with the plan.

Safety Equipment Used in the Pyrotechnic Leboratory

(a) Static proot by grounding all equipment such as tables, scales,
ovens, processing and pressing equipment. Cover fliors with a conductive,
non-sparking material.

(b) A1l electrical anuum end viring shall ba as specified by
Article L4409 of reference (22

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

(d) Ovens shall be equipped with covered heating coils and explosion
proof latches. The cvens shall be equipped with double thermostat controls
to prevent overheating due %o & ra.ulty control Ths relays, actuated by the
thermostats, should be set for "rormally open” operation with respect to
heaiing pover supply.

(e} Howds in the laboratory shall be equipped with a 1/2" thick
laminated safety glass.

(f) Operators shall wear fire resistant coats and other fire resistant
apparel as necessary. Silk, wool, rayon or other types of clothing known
to readily produce static els-tric charges shall not be worn. All operutors
in a pyrotechni: laboratory shall wear approved conductive soled, non-
sparking safety shoes at all times. Approved safety glassts or goggles
shall be worn at sll times. Grounded bracelets shall be worn when working

&0
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with static electric sensitive materials. When the work involves
experimental compositions whicii may flash or sxplode, the operator shall

he amimwmad uvith Pive veaciatent olnavea a;isl an amravad asfetv chield e
De equlippet wiih I.Ye reclatani pooven 8 Ar T v enlell.

safety shield should be interposed between the operetor's face ani the

soures of hazard, A f5iC shield vorn 5o thet & flash coculd come wp under

the shieid may be worse than wearing no shield.

(g) Fire-fighting equipment - All lsboratories shall be equipped
with approved fire extingulshers placed in strategic locations. The
exmployees should be trained in the use of the extinguishers and each
employee should be eusigned a station. Fire blankets and sarety showers
should be st-ategically located in the laboratory. Ko attempt should be
made to extinguish anmy fire that causes any danger of an explosion. Every-
one should evacuate the laboratory or work area in accord with s plan
established after practice fire drills.

Safe Operational Procedures in Pyrotechnic Laboretory

(a) Linit the degree of hazard involved by conducting initial
axperiments vith the smallest amount of material possible. Properties of
new formulaticas which shiculd ve detemined are; coampatibility of ingredients,
electrostatic sen - 1tivity, impact sensitivity, friction sensitivity, ignition
tenperature, and vacuun stability at a suitable temperature, Keep the
results of these sensitivity tests on record along with any other information
pertinent to the sat'e handiing of tre campositions. See that this information
is passed on for use in prototype and production operations.

(b) Quantity limits for rcams and areas should be established and
thoge linits should never be exceeded. This rule is not to be construed
to excusz the presence of quentities laiger than necessary for the work
at hand, even though the limits are not cxceedad.

(¢) Pyrotechnics, like explosives, wider the 1ight conditions can
release tremendous amounte of energy per small unit of weight. Experimenta
should never be left unattended and it the materaal 1s likely to be
hazardous a placard should be mounted notitying rellow workers of the type
of material] and the hezards invoi:ed.

(d) Pyrotechnic compositions mist not be grourd or crushed by any
method which may cause dlgpact or friction. If the material is very
sensitive, the wet method of mixing sheuld be used. Quantity mixing must
alvays be controlled remotely. ©Small scale mixing shouil also be remotely
controlled., Mixers should be provided with mesans fer remotely controlled
discharge of mixer contents. 1f cbservaiion of these or any other operations
remotely controlled is required or desired ,the Naval Ordnance Laboratory.
White Cak, M., Lighly reccumends closasd circuit television. Non-flammeble
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solvents sucild be used in this method of mixing. High order explosions
" have besn caused by the uss of flemmable solvents such as acetone.

(e) Mever charge ovens vith incompatible materisls. Avoid leaving
gens itive materials iz lsborstory ovens over-night and over the week.end.

(f) Extremsly sensitive materials shouli be dried in & high vacwum
at tempersture pot to exceed 6°c.

{g) Yo experimertal or hazardous lsboratory work shall be conducted
in the pyrotechnic lsboretory unless two people are present and at least
one of these must be experienced in work with pyrotechnice. These two
mst be separated so that we danger of both being injured by the ssme
sccident is avoided es wuch as possible.

(h) Good housekeeping shall be cbserved st all times. Materials
spillied shall be cleaned up immedistely. The ind1ividual working areas
ahsll ve cleaned up &t the close of every working dsy. Residual chemicals
or compositions shall never be thrown in vaste baskets, general purpose
waste disposal cans or dwn drains. Waste materinle shall be kepi
segregated and sent to the burning pit at frequent intervals along with a
scrap report itsmizing the materials being scrapped.

(1) Avoid physiological hazards. Mamy cx the pyrotechnic components
can prodnce harmful physiological cffecta if the materials are inhaled as
a dust, ingested by way of the mouth, or if allowed to cawe 2 contact with
the skin. Wear approved respirators in dusty operaticns. £ating shall not
be allowed the lshoratory proper. Approved protective clothing shall be
vore to reduce skin contact with pyrotechnic materials. Yaerever possible
dusty operations shall be performed in a hood equipped with a good exbaust
gsystem. laboratory workers ghall wash thoroughly before lunch and at the
ard of the vorking day to remove any traces of materials vhich may cause
sdverse physiological effects.

Hazards in the Spscific Pyrotechnic Fields

The gyrotechnic compositions are used au illuminants, smokes, flares,
delays, igniters, infrared flsres, incendiaries, trasers, heat powders,
photoflash, and simulated ammnition compesitions.

I11luminat ing Coupositlions

These compasitione comsist of a finely divided metal, an oxidizer and
8 birder. These campositiwns sre sensitive to impect, friction, stetic
elecirinity, cpen Jlames or sparka. The ususl metals employed =rs 3agnesium
and siumimuu or any alloy of the two. Sodium nitrate is comuonly used as
the oxidizer. Paaffin used &8 a binder in clier formul-tions has been

™
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largely supplanted by systhetjc resins. Zven the standard illumirating

campositic:s can be very hazardous. Their poteatial energy under the

right circumstances can be relessed with destructive violence. Experimental
. campositions can be even more hazsmdous. Initial experiments should jnvolve

t..e spaliest amounis possivie windl sensitivity tests arz run 4o datsrumine

the extent of the potential hezard. Operations involving thege compositions

should Le conducted behind 1/2" thick laminated safety glass, equivalent,

or better.

INuminating compositions shall not be mixed by means of the mortar
aul pestle or by any other means which would subject the material to
friction or impact. All apparatus used in mixing the compositions shculd
be wvell grounded. Spark proof materials should be employed whenever possible.

The oxidant and the metal should nit be wixed dry unless s non-friction T
type of mixing can be employed. (Ten pounds of sodium nitrate anl magnesium
detonated, destroying a 36" Simpson mirer and creating extenzive damage to
18" thick concrete walls). The safer procedure is to coat the metal vith
the binder prior to addiug the oxidizer.

The newer binders used in illuminating compounds usually consist of a
synthetic resin, a polymerization agent, and a catalyst. The chenmist or
technician shall be thoroughly acquainted with the chemical, toxicological,
and explosive hazards involvad in work with these binders. The proper time
for sddition of accelerator must be determined.

Flapmable zclvents 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 an explosion of Eigh order.

_Presaing

All molds and tools shall be of sperk proof-materials. Molds and
rams are inspected before use to insure they contain no foreign material
and that they are free fwrom burre which night cause friction. The mold

. shall be placed in the holding device and the ram brought dows to chieck
for proper elignment. The pressing shall be performed behind s 1/2" thick
lamirated antety glass and when possible by remote control. If the body

. being pressed contains more than one camposition, keep the compositions
separated, preferably ty taffles. The weighing o the compositions shali
be performe’ at a safety Cistance from the pressing operations. Fregsed
bodies shall not be allowed to scoumulate but shall be rsmoved from the
Umediate prescing urvs us ey are canpleted. The base of the press and
the wvorking area shull be awept at frequent intervals with static proo?
brushes to remove auny [low-by s spilled campositions. Ram removal must
be remotely controlled.
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Smoke Producing Compagitions

These pyrotechnic signal compositions are desigred to buru to produce
ag muc amoke as possible. Burning vsually Lakes place iess energetically
than with other types of pyrotechnics becmuse at lover temperatures less of
the solid smoke particles are congumed. Nevertheless, the precautions
applisd to mixing and pressing illuminants and [lares must also be observed
in mixing and pressing smoke cowpositions.

There are several hazards that should be the subjects of warnings to
those who wurk with smoke compositions. First, some of the smoke compositions
contain red. phosphorus. Precantions which must be observed in working with
red phosphurus in urder to avc’l fire or injury are descrided in detail in a
late: saction of this manual.

Another special group of hazards is introduced by the use of salts or
chloric acid, the chlorates. Potassium chlorate is the chlorate generally
used. The chlorates almost always increase gensitivities of smoke
campoeitions to lspact or blows. Also campositions containing chlorates
usually can be very easily ignited. These effects were discussed by
Trving Kabik in -eference {c0).

Same of the ingredientc cf smoke compositions introduce special
physiological hazards, especially the dves used in colored smokes. Specific
information about the toxic properties of these dyes amd of other ingredients

can usually be obtained frcm their makers, reference {27).

Other instructions sbout production and testing smcie campositions are
given below.

As noted potassium chiorate can furm dargerous sxplosive mixtures with
orgenic compounis. For this reason smokes should be mixed in two stages:
Make a premix of reterdant and oxidizers, to this premix add the fuel, dyes
and volatile solvent. After mixing and prior to granulation, the smoke
compositions should be dried to completa evaporation of the volatile solvents.
It the samposition 18 Aried in an oven, a forced Araft oven heated by stean
coils cr a vacuun oven should be used at temperatures below 60°C.

Inaasmich a8 amoke campositions may present explosive hazards thelr
impact sensitivity muest b» determined before production is undertaken or

begun .
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Bafcre experimenting with red phosphorus forsmilas read the hazards
and precsutiooary messures listed undar red phosphorus. The main hszard
to be aveided is the ignition of the phoaphorus or its campcsitions by
spark or friction. Do not use brushes with metal ferrules around the
predision balances while weighing red phosphorus.

Flare Compositions

Flare campositions are designed to produce vhite and colored light in
various signaling devicea. A typical flare forwmuls is th.t used to produce
the red flare. It consists of polassium perchlorstes, strontium nitrate,
nagnesivn coated with paraffin, hexachlorchenzens and gilsonite. The flare
foremlas are similar iz sensitivity to the illuminents. All the precautions
observed under {lluminating compositions should be strictly adhered to.
Chlorate and perchlorate axidizers are camonly used because they are alsoc
coler intensifiers. The hazardous properties of these two classes c¢f
compounds are given in reference (26)

All of the safety precautions listed under the chlorates and
perchleorates mist be strictly adnered to. The fuzla and binders are
premixed; the oxidizers and other components are premixed, and the two
premixes blended to form the flare compositions.

Delay Compositions

Delay campositions commonly used are the so called gasless type,
consisting of a metal as a fuel and chromates as the osidizer. The
sensitivity of delay compositions is similar to that of the flares and
$lluminants. Experimental delay powders can be very hazardous depending
on the metal ussd, 44z micres size, and the =idis:srs used. Delay work
is made more haza.dous becsuse many of the delay compositions require
very sensitive igniters.

Mixing ope:.itions should be performed using remotely controlled,
pon-friction “ype of mixers installed behird adequate shielding.

Operatcrs should be equipped with proper clothing amd safety devices
including fire proof gloves, conductive soled safety shoes, safety glasses
or face shield msd grounded bracelets.

Experimentsi formulatious mixed by hard should not exceed 5 grams until
sensitivity tests are run to determine the hazards involved. These
experimental formulations if tiiey mist be mixed by hand should be performed
in the hood behind laainated safety glass with the exhaust aystem on. Ko
mixing operatians shocld be performed by a grimding or crushing action.
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During weighing of delays keep the components separated sufficiently
far apart aud separated by baffles to avold a spark jumping from one con-
tainer tu aaother. Teot groundiig devices. Use zpark proof spatulas.
Keer a safe dictance between weighing and pressing operetions. Limit
camponents to 25 grams.

During pressing, observe the same safety precautions reconsonded
tor pressing iliuminants. Pemove presssd delays from pressing area.

Use atatic proof brushes frequently to remove any spilled comosition
around weighing or pressing aress. Opsrate press fram behind 1/2" thiek
laminated safety glass.

Izniters

The same precautions should be observed in igniter work &s for
iliuninants and flares, “hen titaniuc. <ivconium or other similar fuels
are used greater preceutions must be taken. These igrition cumpositions
using titanium and zirconium, or otvher very sensitive fuelsz, should be
mixed under a non-flammable sclvent, if pocsible. The ignition devices
should e Josded wet ard the units dried in a vacuum oven under argon.

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

Infrared flares are campoeitions coneisting of a {inely divid wmetal
and oxidizers selected to emit energy in the infrered region. Safety
precautiona ochaerved in 1lluminant and flare cperations ave aprplicable.
Remotely controlled mixing is mandatory. Extra caution must be coserved
in avoiding breathing of the fumes from the burning flares since they
are very toxic.

Tracer coampositions consist of an oxidant, a fusl and a binder. A
typical canposition consists of a finely powdered metallic fuel, strontium
nitrate oxidant, and polyvinyl chloride binder amd color intensifier.

The sane precautions cbserved for illuminating compositions shall be
observed for tracer mixes.

Photoflash camuositiciis are camposzd ©. {inely divided mstals, an
oxidant, and a depresssnt. A typical composition cousists of powdered
slminum, bariuxz ritrate, and calcium alesrate. USuch mixtures are very
senaitive and can detonate with grest violence. All of the explosive and
pyrotechnic safety rules should be c¢bserved in photoflash operations.

el
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peat powlers consist of high snergy metallic fuels and oxidizers,
usually chromates. A atudy of reference (26) will indicate the hazards
involved in handlinz the components. All the pyrotechnic safety regulations
mist be followed, vith particunr sitention to protecting operations
u‘m;‘; staiic o cpax 2kg of any ¥ind .

Incendisries may invclve pyrophoric fuels, phosphorus compoeitione,
thermite mixtures. Jelled gasoline, or other organic fuels. Fire hazerds
are of the highest Jrdzr; explosive and physiological hezerds are alsc
involved. All sxplosive and pyrote:hnic safety regulations must de
folloved

Chemicals

A large and important part of the knowledge required to insure the
safety of thcse working with high energy materials is a complete knowledge
of the properties of the specific chemicals ussd. Because the list of

chemical materials for the production of explesives, propellants, and
pyrotechnics is long, amd growing longer, it is not possible to include a
satisfactory list., Also, it is not believed possidble to include a camplete
list of chemicals for pyrotechnics togéther with the infommation required
about these materials. Much more comprehensive information can be obtained
frar = text such as reference (2). The bibliography herein gives many
sources of intormation about +he dangercus properties of chemicals and how
workers may be protected. Many of these sources are chemical manufacturers
fram vham current informatior about their products can be obtained.

Red Phosvhorus

Red phosphorus is an important sud frequently used ingredient of
pyrotechnic compositions. Becsusme it introduces a variety of technical
hazards sans of these are descrihed helow together vith ways of guarding
workers againaet the hazards. .

It is a dangerous {ire liazexrd. It causes many of the toxic symptoms
of "white Ephosphorus, cume:iciolly called yellow phosphorus. It ic easidly
ignited by spark or friction. If the vhite phosphorus content is excessive
1t may lgnite spontaneously when exposed to air. It is dangerous if ingeusted
ir quantity, or if small amounts are allowed to get into the boly over a
long period of time. It shiould never be aliowed to come into contact with
the eyes.

Precautions

Keep adequate supplies of sand and water on hand to extinguish fires.
In case of a red phosphorus fire, sacurate it with water or sand
lomediately. Do not atteipt additional operations in any area vhere a
Tire has occurred until thorcugn decontaminacion hes been compicimi.
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In case ¢f a fire inuvolving people, extinguish the fire with copious supplies
of vater. If burning phosphorus has cowe intc contact with clothing, either
remove it Or keep 1t wet.

Fur decontaminaticn of work areas following a red phosphorus fire:
(1) The bulk of the partially burned or contaminated material should be
moved to & proper place for safe burning, all the while keeping the partialiy
ournea mAterisi ssiuwaiou will <atéi dwing mcvemsnt. (2) Wash down area
with e aaaounts of water, then wipe down walls and floors with a vegetadble
oil. (3) Inspect the building after dark for wvhite phosphorus reaidues when

their phosphorescence makes whem visioie.

Keep any area of the body which has been in ccntact w_th burning
phosphorus wet cr submerged in water. Wash the burned area in 5% solution
of copper sulfate and ohtain a physician’'s services immedistely. Do not
apply unsuthorized salves, ointments, or gresses as thay ouly spread the
contamination.

If red phosphorus enters the eye, wash it out using a bubble type
fountain or inver.ed faucet. Use large Juantities of weter. Then irrigate
the eye vith castor oi1l. Do not use copper sulfate solution in the eyes.

If %urning red phosphorus enters the eye, wash eye out with vater anmd
call a doctor right sway. Conti:ue washing eye till doctor arrives,

Small bandages Impregrated with copper sulfate should always be on
hand when red phosphorus is present.

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

Use only non-terrous tools to open red phosphorus ccutainers to avoid
het eparks. Wear 8 pad respirator vhern handling bulk red phosphorus.

Keep hands away from face and wash thoroughly before eating. Do not
eat, drink, chew gum or tobacco or mnything eslse while in a red phosphorus
aresa since ingestion of red phosphorus may cause severe toxic symptoms.

Rever mix waste material 1ram a red phosphorus operation with other
vaste materials, since thiis may result in fire or explosion.

Persons working wit: red phosphorus must nct enter buildings other
than those designnted for red phosphorus work, since contaminated clothing
aid shioes could result in a serlous fire. Clean equipment and work areas
thoroughly at the end o. each dey for prevention of fire.
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For decontamination of work equipment:
1. Remove material as stated above in step number one.

2. Disassemble equipment and clean all parts +7ith trichloroethylene
in & properly ventilated work area.

3. Allow parts to dry for 16 hours.
PROPELLANTS

IRTRODICTION

Solid propellants, like pyrotechnics, to be effective must release
substantial quantities of energy as hest plus large volumes of gases The
energy of prepellants 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 theat in case of accident the resulting
destruction may appsar 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 4id not occur, and in fact, explosions do occur.

The hazards of propellant processing may be greater than the hazards
associeted with the finish»d product. Also there may be hazards associated
with processing s nev propellant composition thzt have never hesan previmaly
sncountered., Therefore, ¢aissntial intormation for inmurance of safety must
be obtained by working on a amall scale and by exhaustive tests of the
product before undertaking larger acale work.

The Naval Propellant Plant designed the £slliving procedures for
cbtaining such essential infoirmaticn at each and every stage of operations.

SAFETY PRECAUTIONS USED FOR PRELIMINARY MIXiING ARD TESTIRNG
OF NEW PROPELLANT INGRFDIERTZ

Ganeral
In preparing a sample for tests, and testing, to evaluate a new

propellant ingradient it is assumed thai safety hazards exist in all
stages such as grinding, mixing and heating.
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Specific Test aod Procedurea for Propelisnts

(a) Impect sensitivity tests are made on all semples before handling.

(b) Friction sensitivity tests are made cn ali saupiss befors
handling.

(¢) Whea s sample indicates a high degree of sensitivity to impact
or friction, express authorization should be obtained from th2 person in
charge of the project before attempting to0 grind, mix, or heat the material,
&.4 1f so suthorized, maximmm attention to safety preceutions must be
maintained.

(4) Orinding 1s done in a bail mill operated by remote control and
located behind a safety shield. No more than 5-10 gram quaatity is ground
at any one time.

(e) Mixing is done for two hours in a ccatainer attached to and
tumbizd erd-over-end by 2 6 rpm motor, remotely controlled, and lccated in
an exhsuet hood and behind a safety shield. No more than a total of 1-2
grans of an ingrediient or mixture of ingredients is processed at & time.

(£) Ignition or explosion temperature is measured by heating a 1 g.
sample in a test tube held in an alumimm block vherein a thermometer and
an elacérical heating unit are contained. The assembly ies located in an
exhauat hood behind a safety shield. The rate of temperature rise is
controlled by a remotely located 5 ampere variac. 4 cathetometar remotely
located is vaed 1o make ihc temperature readings.

(g) The temperaiure at vhich the sample ignites or exploies and any
other preliminary test data are tatulated to provide an evaluation of the
hazardz in handling and using a particular ingredient.

Cafety Eguirment

Goggles, gloves, aprons, wanis, safety shoes, safety shiells,
remotely controlled apparatus, wire screening and exhaust hoods are to be
worn or used unless experience indicates such are not needed.

PROCESS REVIEW
General
Prior to the develomuent of any process beyond laboratory stage that
is a departure from an esteblished program, & Process Revi.y Board should

consider it carefully. This board shoula review all known characterigtics
and propertles of the ingredients and steps 1.0 essure their control.

10




NOLTR 61-138

Pilot Plant work will not proceed until this toard bas given 1%ts approval.
In turn such processes will not proceed fram pilot plant stage into s-aled-
up productlon until this board has reconvensd and evaiuated firdings from
pilot plant work.

Functions and Responsibility of Review Board

The board will revisw critcally all findings from teats, stulles,
and evaluatiors to determine adequacy and reliability of information
supplied or required by this Section. Following appraisal, it will
prepare a record report recamending approval of proposed action or
modifization tc proposel ror submission to Management for final action.
The Review Board will determine adequacy of the following:

(1) Knowledge of phyeical and chemical properties,

(2) Hazardous information relating tc materials produced and the
process controls from a toxie, fire and explosion astandpoint.

(3) Analytical procedures and control techniques, ete.

(%) Surveiiisnce procedures during storsge to detect possible
breakdown or degradaticu.

(5) Handlinz and transportation methods.
(6) waste disposal methods.

board MembsTship

The board, as proposed by the Naval Propellant Plant, should be
camposed ¢f the following with modification made to adapt it to
organization of cother esteblishments,

(1) One analytical ciemist.

(2) One Safety Engineer or safety Officer

(3) Head of Iuspection or Quality Evaluation Division

(4) Director of Pilot Plant or Director of Production
Meetings

The beard will convene on call of the chairman following proposal to

proceed in development fram laboratory tc pilot plant or proposal to
proceed from pilot plant into productlon.

11
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FURDAMERTALS OF SAFETY FOR EXPERIMENTAL
PROCE3SING, LANDLING ARD STORAGE OF
HIGH ENERGY MATERTALS

This section of this report was contributed by the Raval Ordnance
Test Station. It expresses ideas of the fundsmentals of actions which will
insure safe operation in the laboratory, in the pilot plant, and in the
plant where production of high energy material is being eatablished.

PREFACE

Research and developnent 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 giidelin es developed primarily for production organizations.
While this procedure has worked reascnably well in the past, there is
concern abovt the adequacy of current safety guides for the present and
the fature. Guidelines developed for production tead to fit well known
materials anc well esteblished pructices but they cannot be expected to deal
sdequetely with al) prohlema in new areas of work. We have eniered into a
period of rapid changes vhere the materials beirg worked on are considerably
different and some are more hazardous then the materiale worked om in the
pasi. Therefore, it is believed that changes are needed in the approach
to safety in research and development organizations. It 1s also believed
that ressarch and development orgauizations need guldelines that are
fiexible and allow safety decisima to be made as close to ths point of
gresiest information as possible. In the final analysis, iv is necessary
to depend on the persornel working with new materials to analyze their
safety problems and develop safe procedures for new areas of work vhere
there are no exact procedents.

AN CTION

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

(1) To minimize hazards to personnel and prevent loss of 1lives.
(2) To prevent accidental fires or dstonationus.
(3) To minimize possible loss of equipment and buildings.

(4) To reduce accidents typically occurring in almost any laboratory
or operation.




NOLIR 61-138

The following statements are generai guidelines that are relevant
to work on almost svery material that. is cupable of sudden release of
chemical energy and chemical nroducts in sufficient waounts to be harmful
or dangerous.

These guldelines are an organized set of fundamentals 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. “hege fundamentals aveid
stating exactly how an organization is to perforu its responsibilities,
but they do attempt to point out what the responsibilities are and to
offer general suggentions of the important factors Lo be considered in
hazardous work with high-euer,s .iaterials. The fundamentals by themselves
are just a starti.g point; they must be put to work and given concrete
meaning through thought, discussion, and training sessions. Safety in any
situaticn calls for knowledgze of the characteristics of the materials
being worked on, knowiedge of the behavior and characteristics of equipe
ment ani its possible interactions witi. high-energy materials, knowledge
of the characteristics of people as they are, and knowledge of how to
design and msintain racilities and equipment for safety.

Thece safely fundenentals are intended as guides for preparation
of instrmctions and rules for specific applications and as gulles for
tralning pereonnel connected with work on high-energy materiala. They
werc prepared for use by researe, and development groups working on
high-evnergy materials in anounts renglns fram a few grams to full scale
pilct plunt vantities.

The phrase "hign-energy materials and the word explosives’ are
used here tu ccver the broad ileld oi propellants, high explocives,

pyrotechnics, and primar, and initlating explosives.

Genersal Mundamentals

Accidents with explosives are caused by energy concentrations, such
asg sparks, friction, impact, flame, hot objects, =leaical reaction,
radilation, excesslve pressure, amd electro-static discharge. Energy
concentretions anywnere near initiating levels must be kept away from
explosives except when it is desired to ignite or detonate the explosive.

ine iritiation of explonivea (s subject to probabiiity conasiderations
With a Jow levei of stimulus, tle probability of initiation cen be smali;
vith a high energy concentratiu.,, the probability of initiation will be
much larger but suitl not certazn. e provabililies at the extremes
cennot be deternined with accuara:y Jtrom a small aweber of tests. There-
fore, in order 1o heep the prbahilily ol Initiation low, it is pood
practice YL treal explosives as pently and as carefully as possibie.

rra
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The above concept of probability is applicable to accidents in
general, because accidents often invclve 2z series of events that must be
fulfillei for the accident to occur. Ore purpose of a safety program is
to keep the chain of events broken.

When apecific knowledge is lacking on the characteristics of en
explosive, the worst characteristics that might affect safety must be
es3umed .

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

FPersonnel Training and Protection

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

All supervisors of explosive operations must have adequate training
and kmowledge to maiutain safety of operations.

A man performing an explosive operstion without direct supervision
mst have gufficient training and kncwledige to maintain safety of his
operction.

fersuus worsdng with sxplasives mu

emotionally stable.

For persons working with explosives or observing explosive
operations, provide protection for their eyes, protection against fire
or intense radisnt heat, means for sutomatically discharging static
electricity from their bodies, and means for keeping their bodies and
personal clothing free of contamination.
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Means must be provided for sefeguarding personcel from toxic materials,
fumes, o other haraful effects. With very toxic msterials, there may be
need tor protecting peopic conaiderable distances avay who may or may not be
involved in the work.

Provide shiowers, eye washers, apd other first-ail devices, which aie
necessary immediate aids in prevernting further injury, in locations that
axe quickly and easily accessible.

Personnel working with toxic meterials must be given periodic medical
exarinations.

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

Visitors unfamiliar with explosive operations or the explosive
facility must be esccrted by a responsitle peracn who knows what i3 going
on and vhat the safety precsutions are.

Planning and Preparation

Data on properties and charscteristics of r~w explosives to be
processed in lacger than minimyr ilabeoretory amounts chould be reviewed by
a qualified group prior to imtroduction of the explosive into & process.
This data and recommendations of the committee must be available to the
processing group prior to beginning work.

Cumpalibiliy, of ifFrment —ynlmaives ahonld be ertablished before
camhining them as part of a desiga, for ctorege, or for scrap disposal.

Having more than ne explosive in a processing building or bay at the
same time must be carefully considered for hazards and done only for good
reason.

General operating gnidelines should be written for all new operations
to ensure that ceareful thought and careful review have been exercised prior
to the start of potentially hazardous work. The general operating guide-
lines may permit fiexibility where justified, tut they must be reviewed by
one or more qualified, experienced persons.

Keep up-to-date charts and instruccions in the operating building.

They can serve as ready references, as raemindere of procedures to be followed
and explanations of the essential features of equipment.
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Time must be allowed - even at the expense ¢f deadlines and schedules -
fcr adequate thought, placning and preparation of hezardous operations.

Hithin limits of reasonability and practicability, the safest methcd

tor rocessing ur workhing on high-energy materials should he usad.

Any explosive operation performed with pereonnel exposed should bte
of sach a nature that there 1s no detonation hazawd, and with ampis
opportunity to escape unhurt in case of fire. Usually, operations in
cloged vessels will be performed 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 rucognizes a hazardous situation is responsibvie for takiag
steps to have the conaition corrected.

Scrap or wmate disncsal is a hazardous operation. The scis=ntist
ov engineer who originatez a new formulation 1s odbligated tc assist in
specifying disposal caaiitions and procedures.

Most careful consideration must be given to setting processing limit
such as maximum temperatures, pressures, rates of machining, rates of mix-
ing  and yates of extrusion.-

Containers of sxpiceives and explonive ingredients should be clearly
labeled at all times as to their content and nature of hazard. When
possible, label the explosive directly.

Explosive-processing or storage arsas should be posted with warmings
to amdvise of precautions to be taken and how to cbtair guidance.

Minimization of Hazards

The mmber of individuals exposed to hazards should de kept to a
minimm consistent with operational requirerwsnts and safety.

Always work with, and in the presence of, the least amount of
explosive needed for the operation.
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Get as much uwseful data on &3 small a scale as posaible. it 1s much
easier ©o protect iniividuals and mininize losses with laboratory-scale
work thaa with full-scale work.

Uhecxk new equipmeut =i pnew procedurez with inert materials whenever T
possible.

Cleanliness aid orderliness help to prevent initiatfion or the spread
of a fire or detonation.

Operations shculd be conducted at all times with a view toward
minimizinz the effects of accidental fire, deionation, or any other
hazard.

Only the immediately needed portable tools and equipment ehould be
retained in a processing room.

Transportation, Shipping and Storage

Witk few exceptions, coniainers should be used for transporting and
storing explosives. These containeres should provide delay of ignition
from fire, shonld atiziuate shock energy, ari should protect against
contamination and physical damage.

When explosives are transported, precautions must be taken to protect
persons and property on or near the roadway. Precantions must be taken to
reduce the probability of an accident and to minimize the effects of a

vossidble transnortation aceidant .

Shipping 2xplcsives to individuals or activities chould be performed
by a gronp or individuals faniliar with pertinent regulations governing
packaging, shipping, and handling in transit.

Before sending explosives to other activities, it should be established A
that che activity iz qualified to receive ard handle the explosive. The
recelver should be fuily informed ja writing of the characteristics of any
new or nonstandard explosive.

New or experimental esxplosives whose stability and compaiibility with
sther materials have not been thoroughly established should be stored in
small quantities under conditions where possible igniticn will cause
limited damage. These explosives must never be stored with large quantities
of other explosives.

A perixdic review of high-energy materials in storage must be made to
ensure against storage of theue zaterials for longer than their safe life.

TI
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Facilities and Equipmet

The daaign of new facilities, new equipmeat, and tools shuuld rveceive
the same careful safety review s3 do new explosives. Designers should
remcve the human factor fram hazards by making protectlion as permanent
and a3 automatic as posaible.

All autonatic safety devices such as fire fighting systems, intar-
locks, and warning signals should be checked at predetermined intervals
or nore frejquently.

Schedules of preventive maintenance should bz set up for all equipment
used in explosive operations where failure to institute ard conduct such a
progran can lead to processing hazards.

Equipment taken tc a shop for cepair or adjustment —ust be freed from
explosives by a suitable decontamination proceas. Shop personnel should be
warned of added preciiiions Lo be taken during further disassembly.

All explosives must be remcved £rom a processing room when it is turned
over t¢ a maintenance group tor repalr or adjustment of equipaent. Equip-
ment chat may be contaminated with explosives must be cleaned 30 that
repairs or ad justments can b¢ made aafely. Maintenuance personnel should be
given complete information on comditions that mighl. a~fa:t their na’ety.

Although every reascnable affort has been made to decontaminate a
facility or equipment, anysone performing mailntenance or repair work on the
equipment should proceed with caution.

Reporting Accrients

The discernible facts associated with any accidental deflagration or
explonion must be roported cwapletely aud accurately 3o that others doing
3inilar work may he warned and so *hat the bei corrective action may t:
taken to prevent similar accidents.

Minor incidents, which in themselves do little or no hara, Irequently
¢lve warnings of unwmspersed hizanis. These incidents shouid be widely
reportel aal thelr significan~e given thoroth consileration.

Compiete rs.urds of operating ~ondiiviona should be kept. “hen
aci1-nts occur, the recorls are un Lportant ajd in determining the
ranse and in preventing future adverse incidents. Critical temperatures,
pressures, specds, puver cuaswed b motor, etc., should be reconded
continuously when poesible,
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Yewv York

"Alcohols", Carbide and Carbon Chemi:als Co., New York
"Indusirial Solvents”, 2nd 5d., Mellan, Heinoold Fub. Corp.

Third Conference on Chemical Wourks Safety: Ass'u. of British Chemieal
Mamufacturers, 166, Piccadilly, London, W.1

“Toxicity of Molybdemm", L.T. Fairhall, R.C. Dunn, N.E. Sharpless,

E.A. Pritchard, Industricl Sygiene Research Lab. National Institutes
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SUPPLIMENT B .. (CHECK LIST

The most important objective of this report was stated in the
"Intmduction” in the following wowxls.

"In summation, these savices require all workers with high energy
6_&na cGmpositions to learn and unders the experience of .

au. wicse who have any knowledge 2 of the cmu__d, composition, or process

involved.

In order to achieve this objective it is helpful to have a list of
gsources of information which will ensure that none are missed in tlie
search for information. Such lists were discussed more fully in the
Introduction.

1. Ohjlective., The compound or composition to be prepered shouwld

be stated herc. The scale or scales of operation and amount of materinl
in each batch should also %2 2tetad,

2. Properties.
(a) Heat of formation anmd source of information.
(o) Reat uf cuudr sbfon &id oource of iuformation.
(c) Free energy of formation.

3. Public abstract literature.

(a) Chemical Abstracts (since 1906)
Subject imdexes, anminl and decennial
Forpuia
Patent "
L. British Cheidcel Abgtracts (since 1925).
5. Chemisches Zentralblatt (since 1829).
6. Aogewandie Chemie.

T. Originsl publications cited in abstract journals. Record *
information faund in original publications.




NOLTR 61-138

SUPPLEMENT B {cont'd)

8. Information found in text bocks with references to orizinal
piblications if given.

9. Technical publications such as:
(a) Memorial des Poudres

(v) Zeitschritt fur das gesamte Schiess- und Sprengstoffwesen
1906-51;9)16) . (This has been contimici under anvther : ve, Sprengtechnik
1952}).

10. Extensive collection of classified literature and reports are
available at the following:

Naval Orduance Lahoratory (Wo)

Picatinny Arsenal

Rueau of Naval Weapons Library

Armed Forces Technical iaformation Agency (ASTIA)
Solid Propellast informatiorn Agency (SPIA)

OSSR 201% - Compiiation of Data on Organic Explosives.
(Declassified). Availsble {phctocopy or microfilm at Library of Congress).

1l. Persopnal conversations with eariier workers with the materials
involved.

The ebove is not intended to be a camplete check 1List or to be
suitable for specific activities. Each activity is advised to make a
check list which should be used with imagination. Reference (9) will be
helpful in making a check 1ist for literature searches. Some details of
al)l information found should be given and failure to find information in
each source explained., Subjects cought in the abstract Journals showld
be listed. Any anmd all other information should be included. The result
of the search muat be such thut a relisble ccnclusion about its campleteness
can be made,

All opinions sbout compatibilities of jngredients should be inclunded,
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SUPPL&MENT C

APPROVAL FOR POTENTZALLY HAZARDOUS OPERATION

CHEICAL LABORATCRIES - Room FilOT PLANT AREA - Blag.

Purpose of Operation:

Materials To Be Usad:

Expected Pange of Conditions: Temp. Pressure: Others

Equipment or Apparatus:

Jveration Procedure:

Safeguards:

Location:

Personnel: Expected Duration of Program:

Do you consider the proposed program hazardous? 1f so0, in vhat

reapect?

Do you consider the mbove safeguards adeg.ate?

Hag a litersture search bveen male of the heazards involved?

If so, list pertinent refersnces.

Submitted by: Date:

Approved a3 listed above, wilh attached additional precautions and

safeguards.
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