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CHAPTER 1

| NTRODUCT! ON

1-1. Purpose. This regulation prescribes the general safety rules of
the U S. Arny Materiel Conmand (AM).

1-2. Scope. This regulation applies to Headquarters (HQ, AMC, AMC
maj or subordi nate conmands (i ncludi ng subordi nate installations and
activities); AMC project/product nmanagers; and separate installations
and activities reporting directly to Headquarters, AMC. It prescribes
saf e methods and practices for safeguardi ng personnel, ensuring
continuity of production, and preventing property damage.

Qccupational safety and health standards promul gated under the
Cccupational Safety and Health Act (OSHA) are mini mum requirenents of
AMC. AR 385-64, U S. Arny Expl osives Safety Program and DA PAM 385-
64, Ammunition and Expl osives Safety Standards (AR DA PAM 385- 64)

i mpl ement Departnment of Defense (DOD) ammunition and expl osives safety
standards. AMC-R 385-100 prescribes additional industrial and

expl osi ves safety standards for AMC operations and facilities. 1In
cases where there is a conflict between OSHA and AMC standards, the
nmore restrictive standard will apply and will be specifically

i ncorporated as a requirenment in construction and mai ntenance
contracts and purchase requests. See AR 385-10, The Arny Safety
Program for additional guidance regarding conflicts in standards.

CGui des, codes, and safety standards of the National Safety Council,
Anerican National Standard Institute, National Fire Protection

Associ ation, and other nationally recogni zed organi zati ons, not

al ready mandated for inplenmentation by this or other applicable
regul ati ons, may be used in conjunction with these regulations to
devel op appropriate | ocal standards for safe practices and procedures,
personal protective equi pnent, machi ne guards, etc. However, when

t hese gui des, codes, or standards are in conflict with OSHA standards
or AMC regul ations, the OSHA standards or AMC regul ati ons whi chever
are nore restrictive, shall apply. Nothing in this regul ation shal
be construed as obviating the need for conpliance with other
appl i cabl e regul ati ons, standards, and | aws.

1-3. Application. a. The mandatory requirenments and advi sory
provisions set forth in this regulation apply to each activity and
facility where the Commander, AMC is charged with the responsibility
for safety.

b. Mandatory requirenments are those in which the term"shall,"
"Will," or "must" is used, and no deviation is permtted w thout
specific witten authority in the formof a waiver or exenption. The
advi sory provisions are those in which "nmay" or "should" are used, and
no
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devi ations are permtted unless authorized in witing by the I oca
commander. Advi sory standards shall be interpreted as mandatory for
new construction

1-4. Responsibilities for Enforcenment and Conpliance. a. The
Commander of an AMC command, installation, or activity is responsible
for the safety of personnel and property under his control. At
installations with tenant activities, the installation conmander has
overall responsibility for safety within the geographical confines of
the installation. 1t is the responsibility of the conmander to ensure
that all activities are conducted per the safety rules and regul ati ons
set forth herein. The lack of existing regulations or standards does
not relieve the commander of responsibility for devel oping | oca

count ermeasures for control of recognized hazards.

b. It is also the responsibility of the commander to require
personnel of other agencies, while on an AMC establishnent, to conply
with the general safety regulations of his establishment and assure
that operations and activities of tenant agencies do not endanger
personnel and facilities for which he is responsible.

c. The commander shall enforce the mandatory requirenents of
this regul ati on and be gui ded by the advisory provisions. He shal
institute those inspections necessary to effect conpliance with the
rul es and regul ati ons prescribed herein

1-5. Authority for Stopping Unsafe Operations where | nm nent Danger
is Involved. a. The follow ng personnel have authority to stop
operations or practices which, if allowed to continue, could
reasonably be expected to result in death or serious physical harmto
personnel , major system damage, or endanger the installation's ability
to acconplish its mssion, imediately or before the inmm nence of such
danger can be elimnated through regul ar channel s:

(1) The safety/health/fire inspector

(2) Radiation protection officer

(3) Any operational supervisor

(4) Operator or team nenber responding to specific Standing
Qperating Procedure (SOP) instructions regarding identification and
reaction to a hazardous, potentially hazardous condition, or defined
qual ity defect.

(5) Amunition Surveillance/ Quality Assurance Speci ali st

(Anmruni tion Surveillance) GS-1910 Series and wage grade Anmunition
I nspectors WG 6501 Seri es.

1-2
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(6) Personnel within the installation's command chai n who
exerci se supervisory authority over the precedi ng personnel

b. Any action taken by any of the individuals, as authorized in
par agraph a above, to stop an unsafe operation where inmm nent danger
is involved, will be followed i nmedi ately by direct verbal
tel ephonic, or radi o comunication and notification to the
installation conmander or his designated alternate.

c. Personnel whose presence is necessary to avoid, correct or
renove such imm nent danger or to nmmintain the capacity of a
conti nuous process operation to resunme normal operations wthout a
conmpl ete cessation of operations, or where a cessation of operations
is necessary, to permt such to be acconmplished in a safe and orderly
manner may remain in the operation area.

1-6. Procedure Concerning Waivers or Exenptions of Safety

Regul ations. a. The policy of AMCis to conply with DOD, DA, and AMC
expl osives safety requirenents. Wen a conpelling reason makes a
deviation froma mandatory requirement necessary, a commander or
managenent official may request a waiver (tenporary authority to
deviate for a specified period, not to exceed 5 years) or an exenption
(long termauthority to deviate). The |level of final approva
authority depends upon the level of risk identified and the type of
devi ation (waiver or exenption).

b. Four risk levels are established as depicted in table 1-1. A
ri sk assessnment nust be docunented for each deviation. The risk
assessnment will include--

(1) A detailed description (including maps and draw ngs where
appl i cabl e) of the deviation

(2) The safety regulation(s) violated (cited by paragraph or
subpar agraph, as applicable).

(3) A statenent of the conpelling reasons necessitating the
devi ation, and corrective action plan and schedul e.

(4) The interimcontrol neasures applied to mninize the
risk.

(5) A statenent of the residual risk level, with an
expl anation of its derivation fromthe matrix in table 1-1. (For
deviations from Quantity-Di stance (Q) requirements, the residual risk
is the added risk attributable to the difference between the actua
di stance and the

1-3
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Catastrophic

Tabl e 1-1. Wiiver and Exenption Level of Ri sk Matrix

* Authority may be delegated in writing to the Installation/Activity Commander level.

Table 1-2. Wiiver and Exenption Ri sk Acceptance Authorities

1-4
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required distance. That risk is based solely on effect, and may not
be reduced due to a | ow event probability. 1In other words, for QD
devi ations, use only the left colum of Table 1-1. Estimate and
record the increase in potential nonetary |oss, the nunber of exposed
peopl e, and the increase in the potential for injuries due to the
devi ation.)

c. Oiginating organizations nust summari ze each waiver or
exenption in the mandatory Department of Arny (DA) format prescribed
in AR 385-64. Instructions are in appendix B, Draft AR 385-64.

Submit requests through command channels to the appropriate fina
approval authority (see subparagraph 1-6e). The summary will be used
to record signatures of the prescribed approval authorities at each
successi ve organi zational |evel

d. Do not assign an identification nunber on the summary.
Forward three copies of each signed wai ver/exenption sumrary and one
copy of the supporting docunentation (listed in subparagraph 1-6b)
approved at the MSC or |lower level to HQ AMC, ATTN. AMCSF-X. HQ AMC
will assign the identification nunmber and forward one copy of the
compl eted summary to the U S. Arny Technical Center for Explosives
Saf ety (USATCES), ATTN. SMCAC-EST, and one copy to the originator

e. Table 1-2 prescribes the approval authorities for waivers and
exenptions, based on the level of risk. Those authorities will not be
subdel egat ed bel ow the officials indicated by the table.

f. A copy of each approved waiver and exenption wll be
mai ntained on file in the safety office of the installation where the
deviation exists for as long as the deviation exists.

g. Oiginating organizations will inplenent procedures to review
active waivers and exenptions not |ess than annually to determ ne
continui ng need. Wenever feasible, action will be taken to elimnate

the need for waivers and exenptions, and to reduce the risk associ ated
with those that cannot be cancel ed. Wen a waiver or exenption can be
canceled, notify the final decision authority, the HQ AMC Safety
Ofice, and USATCES, in witing.

h. Copi es of supplenental waiver/exenption policies, procedures,
or del egations of authority must be forwarded to the HQ AMC Safety
Ofice, ATTN. AMCSF- X

1-7. Safety Director. The commander of each AMC maj or subordi nate
command and installation and activity shall designate an individual
who is occupationally qualified, according to Ofice of Personne
Managenent Standards, as either a Safety Engineer, GS-803, or Safety
and Cccupational Health Manager or Specialist, GS-018 to serve as
safety

1-5
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director. This individual shall be a nenber of the conmander's staff,
and, per AR 385-10, shall function as the principal staff advisor to
the commander and staff in planning, organizing, directing, and
evaluating all safety and occupational health efforts, including
ammuni ti on and expl osives safety. This staff official will report
directly to the commander on all safety programnatters and shoul d
rely on technical expertise available and data generated from such
sources as Quality Assurance Specialist (Amunition
Surveil | ance) (QASAS), Medi cal Personnel, Radiol ogical Protection
Personnel, Aviation Safety Oficer, the Provost Marshal, and Fire
Protection Personnel. In explosives and chenical agent and munitions
operations, the duties of the Safety Director include

responsibility for--

a. Reviewing all SOPs involving amunition operations and assure
i ncorporation of safety requirenments from Depot Mai ntenance Work
Request (DMAR)/Letter of Instruction (LO).

b. Review ng quantity distance consideration of sites selected
for construction of facilities.

c. Reviewing design criteria for structures to resist the
ef fects of accidental expl osions.

d. Conducting periodic inspections of explosives workplaces for
saf ety defici enci es.

e. Mnitoring the actions required to correct explosives safety
deficiencies identified by periodic internal as well as externa
i nspection, accident investigations, and requirenents resulting from
the site plan/safety subm ssion approval process.

f. Reviewing justification for waivers that may be necessary in
the course of explosives and ammunition operations.

g. Assuring that all new equi pnment and operating lines are
anal yzed for hazards using system safety concepts and techni ques
bef ore operati ons conmence.

h. Providing information regardi ng correct hazard classification
of anmunition and expl osives, including those energetic naterials in
various process formnul ations.

i. Establishing local explosives safety policy in addition to
that contained in this regulation

1-6
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1-8. Directors or Production Chiefs. Each director or production

chi ef shall be responsible to the commander for the safety of his
area. |In addition, each shall aggressively pronote the safety of
activities within his area, shall conply with the requirenents of this
regul ation and take an active part in the overall safety program

1-9. Forenen or Supervisors. Each foreman or supervisor shal

consider the identification and elim nation of hazards and prevention
of injuries to enployees under his jurisdiction to be a najor
responsibility of his job, equivalent to his responsibility for
quantity and quality of production. To acconplish this, he shal
ensure his enployees are trained in all safety requirenments and
hazards of the workpl ace, supervise themclosely, enforce safety

regul ations, identify hazards of the workplace, take action to abate
or elimnate identified hazards, investigate and report accidents, and
take ot her action necessary to ensure the safety of the enployee. The
success of a safety program depends upon the ability of the operations
foreman or supervisor and his enthusiastic participation in the

organi zed safety effort

1-10. Ammunition Surveillance. The amunition surveillance

organi zati on and QASAS have unique qualifications and serve an
essential role in the explosive safety program The expl osives safety
functions of the QASAS are described in detail in AR 702-6.

1-11. Enployees. Each enployee, as a condition of enployment, shal
adhere to all instructions and use the personal protective equi pment
and protective devices provided. Failure to do so may result in

di sciplinary action. Enployees should contribute any suggestions

whi ch may assist in the effort to prevent accidents and ot herw se take
an active part in the safety program

1-12. Safety and Qccupational Health Advisory Council Conmittee. See
AR 385-10 and AMC Suppl enent 1 thereto for requirenents and
menbership. Installations will conply with the requirenents defined
in AR 15-1, appendix A, Conmittee Managenent, and any suppl enents

t her et o.

1-13. Safety Program There shall be only one safety programw thin
any AMC subordi nate conmand, installation, or activity (see para 1-4
for host-tenant safety responsibilities). The safety programshall be
specific to the installation or activity and be all enconpassing. The
safety programw || include functions prescribed in AR 385-10 and AMC
Suppl emrent 1 thereto. The safety program shall include a section on
expl osi ves safety if anmuniti on and expl osives are handl ed or stored
on the installation or activity.

1-7
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1-14. Hazard Control. a. Hazard analysis is a practical, structured
approach to identifying and elimnating or mtigating hazards before
they result in accidents. Hazard analysis is essentially a before-
the-fact accident investigation

b. Al operations, planned, regular, seasonal, or special shal
be anal yzed for identification and correction of hazardous conditions
by the responsi bl e supervisor. Hazard anal yses shall support the
devel opment of SOPs for hazardous operations. The cognizant safety
office will assist the supervisor in devel opnent of the hazard
anal ysis when required, and will participate in evaluation of al
residual hazards after control neasures have been identified.

c. If all identified risks cannot be elimnated, the residua
risk will require acceptance by the appropriate authority as
identified in table 1-2, prior to conducting the operation

d. To mmintain benefit from hazard anal yses perforned, a
conti nuous program of inplenentation and followup will be
established. Specific assignnents will be made for inplenentation of
findings and recommendati ons and assuring the anal yses are updated as
changes in conditions occur.

e. Additional requirenents for hazard analysis and contro
may be found in 29 CFR 1910. 132, Personal Protective Equi pnent -
General requirenents, and 29 CFR 1910. 119, Process Safety Managenent
of Hi ghly Hazardous Chemi cal s.

1-15. Educational Program An educational program shall be
instituted in each establishnent to devel op and nai ntain enpl oyees
interest in the safety program and to train enployees in safe
practices and safe procedures. The safety director shall determ ne
the need and arrange for the procurenment and selective distribution of
safety pronotional and educational naterials. Available nedia for
enpl oyee education include posters, bulletin boards, scoreboards,
speci al exhibits, "No accident" canpai gns, safety or cleanup contests,
articles in establishment publications, safety rul es handout cards,
panphl ets, warning signs for specific hazards, suggested systens,
essay contests, and slides/filns for groups of enployees. Appropriate
"of f-the-job" accident prevention features shall be included in the
program and the safety organi zation should stinulate the interest of
and cooperate with outside agencies concerned with this phase of the
acci dent prevention program

1-16. Enployee Training. a. The enployee's supervisor is
responsible for preparing a witten enpl oyee training programto
ensure that the enployee is trained in all safety requirenents and
hazards of the job. It is the responsibility of the training

1-8
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departnent to assist all departments in determ ning traini ng needs,
and to provide courses to neet these needs. The personne

organi zation should collaborate with the safety office to ensure
enpl oyee training neets applicable OSHA and Federal Agency

Program traini ng requirenents.

b. Al new enpl oyees nust be nmade aware of installation
general safety rules and regul ati ons before being placed on the job.
Each enmpl oyee shall be trained in all the hazards and safety
requirenents for the specific job to which he/she is assigned. This
training will be acconplished by the supervisor. Additional safety
training may be acconplished by special instructors or by experienced
wor kers through the apprenticeship nmethod. The enpl oyee shall be
thoroughly instructed in the efficient safe nmethod of perform ng
hi s/ her assigned work before being permitted to work "on his/her own."
The personal benefits accruing to the enpl oyee by confornmity with
these rul es shoul d be expl ai ned.

c. The supervisor should use a witten job procedure (job
breakdown) based on conplete analysis of the job. Such analysis
shoul d include an outline of the necessary steps in the performance of
each operation, a listing of the hazards preset in each step, and
definite, positive instructions regarding each hazard which wll
enabl e the worker to avoid accidents or injury.

d. To ensure receiving the maxi num benefits from any training,
supervi sion shall maintain a continuous program of foll ow up
reinstruction, and enforcenent of regul ations and procedures with each
enpl oyee.

1-17. First-Aid Training. a. |In the absence of an infirmary,
clinic, or hospital within a 3- to 4-mnute response time of hazardous
wor kpl ace whi ch can be used for the treatnment of all injured

personnel, a sufficient nunber of personnel as determ ned by the
safety office in coordination with the nedical officer and the
training officer shall be adequately trained to render first aid.
Designated first-aid responders will be enrolled in a bl oodborne

pat hogen program and trained in the requirenents of 29 CFR 1910. 1030.
First-aid supplies approved by the installation medical officer shal
be readily available. Merely training personnel in first aid/ CPR does
not automatically nmake a person a first aid responder, invoking
coverage of personnel by the Bl oodborne Pathogens Standard. Coverage
will be dictated by exposure potential and designated response
responsibilities.

b. Cardi opul nobnary Resuscitation (CPR) training is recomended
for all enployees. Periodic refresher training should be progranmred.

1-9
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1-18. Accident Prevention Records. A conplete and accurate system of
accident records is essential to a successful safety program

Acci dent records must be used, and used effectively, to obtain the
best results in any accident prevention program |n order that

ef fective accident cause anal yses can be nmde, accident records wll

i nclude data which will--

a. I ndi cate the accident trend.

b. Identify departnments with the poorer records as well as
those with superior records.

c. Reveal hazardous agencies, conditions, practices, and
processes requiring correction or protection.

d. Point to predom nant types of accidents.

e. Indicate enployees who require special attention and/or
t rai ni ng.

f. Reveal the lack of enforcement of established regulations.
g. Indicate the need for additional safety standards.

1-19. Accident Prevention Inspections. a. Supervisors shall inspect
their workplaces daily to identify hazards.

b. Al facilities shall be inspected at |east annually using the
Standard Arny Safety and Occupational Health | nspection Procedures as
outlined in AR 385-10 and AMC Supplenent 1 to AR 385-10. Al
facilities involving hazardous operations, as designated by the Safety
of fice, should be inspected at |east quarterly with the exception of
ammuni ti on and expl osives sites (see para 15-25). The safety official
shal | arrange for pronpt inspections of any seasonal or unusual work
of a hazardous nature.

c. Accident prevention inspections shall be systematic and
thorough so that no location will be overlooked. Contractor perfornmed
safety inspections need not nmeet all format requirenents of AR 385-10
provided that the essential elenents of identification, recording,
conmuni cating, and correcting hazards are active el enments of the
contractor inspection program At installations where QASAS provide
magazi ne and demilitarization facility inspections on a 100 percent
basis, the safety office will performas a mnimum a sem annua
i nspection of the demlitarization areas and annually inspect 5
percent of the nagazines on a random sanpling basis.

1-10
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d. The manager, supervisor, or operations foreman should
acconpany the safety inspector. The safety inspector will provide the
responsi bl e supervi sor or manager with inspection findings before
| eaving the area or as soon as possible thereafter in order that
hazards nmay be pronptly corrected or abatenent plans devel oped.

1-11
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CHAPTER 2

GENERAL DEFI NI TI ONS

The terns defined, with the nmeanings indicated, are used in this
regul ation for this purpose only and should not be considered as being
in conflict with other Departnment of the Arny regul ati ons or usage.

2-1. Administration Area. The area in which adm nistrative offices
are | ocated which function for the establishnent as a whole in
contrast to field offices (para 2-34).

2-2. Aternate Standard. A standard designed to take the place of an
OSHA standard when the pertinent OSHA standard does not neet the needs
of the installation or conmand. An alternate standard rust provide
equi val ent or greater protection for affected enpl oyees and nust be
approved by HQ AMC, ATTN. AMCSF; Headquarters, Departnment of the Arny
(HQDA), ATTN: DACS-SF and Department of Labor (DQL).

2-3. Ammunition. Type of munitions normally containing explosives,
propel l ant, pyrotechnics, initiating conposition, nuclear, or chenca
mat eri al which are designed to inflict danage upon structures,
personnel, materiel or mlitary objectives. Anmunition includes
cartridges, projectiles, grenades, bonbs, pyrotechnics, and mines
together with projectiles such as bullets, shot, and their necessary
primers, propellants, fuzes, and detonators.

2-4. Approved. Complying with the provisions of this regulation and
with instructions and details issued by the Commander, AMC, or with
those of other approving agencies specifically referred to herein

2-5. Azimuth. |In gunnery, the angle of horizonal deviation, neasured
cl ockwi se of a bearing froma standard direction, as from North or
South (synonynmous with Iine of fire).

2-6. Barricade. An intervening approved barrier, natural or
artificial, of such type, size and construction as to linmt in a
prescri bed manner, the effect of an expl osion on nearby buil dings
or exposures.

2-7. Barricaded. To be protected by a barricade.

2-8. Blast. The brief and rapid nmovenent of air or fluid away
froma center of outward pressure, as in an explosion; the pressure
acconpanyi ng thi s novenent.

2-9. Bonbproof (Shelter). An approved structure enplaced to provide
protection to personnel and equipnent.

2-1
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2-10. Change House. A building provided with facilities for

enpl oyees to change to and fromwork clothes. Such buildings my

be provided with sanitary facilities, drinking fountains, |ockers, and
eating facilities.

2-11. Chenical Agent. A chemical conmpound used in nmilitary
operations to kill, seriously injure, or incapacitate persons through
its chem cal properties. Excluded are research, devel opnent, test and
eval uation (RDTE) dilute solutions, riot control agents, chemca
defoliants and herbici des, snoke, flame and incendiaries, and

i ndustrial chemnicals.

2-12. Chenical Ammunition. Ammunition, the filler of which has the
basic function of producing a toxic or irritant effect on the body, a
screening or signaling snmoke, or an incendiary action

2-13. dassification Yard. A group of railroad tracks or paved area
used for receiving, shipping, and switching railway cars or notor
vehi cl es.

2-14. dearance (Range). Obtained from appropriate range control/
range safety officer or person having jurisdiction.

a. Testing/Firing/Denolition Cearance. Permission to conduct a
materiel test or denolition operation.

b. Entrance/Exit C earance. Perm ssion to enter or exit a
danger area.

2-15. Craft. Any ship, vessel, or floating object used for
transportation over water. The term"small craft" includes rowboats,
I'i feboats, dinghies, rubber rafts, and sim|ar non-power craft.

2-16. Conponent. Any part of a conplete itemwhether | oaded with
expl osives (commonly called "live"), inert (not containing
expl osi ves), or enpty.

2-17. Danger area. Those areas of the establishnment in which
operations/tests are conducted and into which no one is permtted to
enter, to be within, or conduct tests within until clearance has been
obtained froma range control/range safety person or person having
jurisdiction over danger area being entered.

2-18. Danger zone. A zone within a danger area, such as inpact
fields and recovery fields, the size of which varies with the class of
firing, which is hazardous to |life and property because of the dangers
incident to the use of naterial or anmunition

2-2
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2-19. Deflagration. A rapid chenical reaction in which the output of
heat is sufficient to enable the reaction to proceed and be

accel erated wi thout input of heat from another source. Deflagration
is a surface phenomenon with the reaction proceedi ng towards the
nonreacted material along the surface at subsonic velocity. The
effect of a true deflagration under confinement is an expl osion
Confinenent of the reaction increases pressure, rate of reaction and
tenperature, and may cause transition into a detonation.

2-20. Deflection. Deviation fromthe horizontal

2-21. Denilitarize. To nutilate, disarm neutralize, and to
acconpli sh any other action required to render anmunition, explosives,
and chem cal agents innocuous or ineffectual for military use.

2-22. Detonation. A violent chenmical reaction within a chem ca
conmpound or nechani cal m xture evolving heat and pressure. A
detonation is a reaction which proceeds through the reacted materi al
toward the unreacted nmaterial at a supersonic velocity. The result of
the chemical reaction is exertion of extrenely high pressure on the
surroundi ng nmedi um form ng a propagati ng shockwave which is originally
of supersonic velocity. A detonation, when the naterial is |located on
or near the surface of the ground, is nornmally characterized by a
crater.

2-23. Dud. Explosive nunition which has not armed as intended or
which has failed to function after being arned.

2-24. Elevation (quadrant). The angle that the axis of the weapon
makes with the horizontal

2-25. Enployees and Personnel. Any and all persons enployed within
the confines of the installation and all authorized
transients.

2-26. Environmental Conditioning Units (ECU). Equipnent used for
environnmental conditioning of itens.

2-27. Establishnment. Any plant, works, arsenal, depot, proving
ground, or any other activity under control of the Conmandi ng General
AMC

2-28. Exenption. A relatively long termexception (greater than
5 years) to an otherw se nandatory requirement of the regulation
Exemptions will not be granted for a period in excess of that
estimated to be required for correction
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2-29. Explosive Anchorage. An area upon navigable waters within
whi ch a vessel may anchor or noor to handle, stow, store, |oad,
or discharge expl osives as cargo

2-30. Explosives. The term "explosive" or "explosives" include
any chemnical compound or mechani cal mi xture which, when subjected
to heat, inpact, friction, detonation or other suitable initiation
undergoes a very rapid chem cal change with the evolution of |arge
vol umes of highly heated gases which exert pressures in the
surrounding medium The termapplies to materials that either
detonate or defl agrate.

2-31. Explosives Area. A restricted area specifically designated and
set aside fromother portions of an installation for the
manuf act uri ng, processing, storing, and handling of explosives and
anmuni ti on.

2-32. Field Ofice. An office required by operational supervision
(e.g., foremen and line supervisors) in direct support of anmunition
and expl osi ves operations.

2-33. Firebrand. A projected burning or hot fragment whose thernal
energy is transferred to receptor

2-34. Fire hazard Area. A location in which the primry but not
necessarily the only hazard is that of fire including "explosions" of
gas or vapor and air m xtures.

2-35. Fire-Resistive. Atermused to indicate the property of
structures or naterials to resist a fire to which they m ght be
subj ected w t hout thensel ves becom ng weakened to the point of
failure.

2-36. Fire-Retardant. A termused to designate generally conbustible
material s or structures which have been treated or have surface
coverings designed to retard ignition or fire spread.

2-37. Firing Point or Position. The location fromwhich a
projectile, bomb, grenade, flare, ground troop signal, rocket,
gui ded m ssile, or other device is to be ignited, propelled, or
rel eased.

2-38. Fire Wall. A wall of fire-resistive construction desi gnhed

to prevent the spread of fire fromone side to the other. A fire
wall may also be termed a "fire division wall."
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2-39. Fixed Amunition. Amunition, except small arms and rocket
ammuni ti on, consisting of a cartridge case | oaded with propellant and
a projectile which are | oaded in one operation into the weapon, the
cartridge case being firmy attached to the projectile.

2-40. Flane Resistant. A termapplied to conmbustible materials, such
as clothing, which have been treated, coated, or designed to decrease
their burning characteristics (e.g., fabrics which neet the

requi renments of ML-C 43122).

2-41. Flammable. A flammable material is one which is easily ignited
and burns readily.

2-42. Fragnentation. The breaking up of the confining material of a
chem cal conpound or mechanical m xture when an expl osi on takes pl ace.
Fragnments may be conplete itens, subassenblies, pieces thereof, or

pi eces of equi pnent or buil dings containing the itens.

2-43. Hazardous Fragnment. A hazardous fragnent is one having an
i npact energy of 58 ft-Ib or greater.

2-44. Hazardous Fragnent Density. A density of hazardous fragnents
exceeding 1 per 600 square feet.

2-45. Handgfire. Tenporary failure or delay in the action of a
primer, igniter, or propelling charge.

2-46. Hazard. Any condition which may result in the occurrence, or
contribute to the severity of an accident.

2-47. Hazard Analysis. The logical, systematic exam nation of an
item process, condition, facility, or systemto identify and anal yze
the probability, causes, and consequences of potential or rea

hazar ds.

2-48. Hazardous Material. Any compound, mixture, elenent or
assenbl age of material which, because of its inherent characteristics,
i s dangerous to manufacture, process, store, or handle.

2-49. Holding Yard. An area containing groups of railcars, trucks or
trailers used to hold amunition, explosives, and other dangerous
materials for interimperiods prior to storage or shipnent.

2-50. Hypergolic. Self igniting upon contact of fuel and oxidizer
wi t hout a spark or external aid.

2-51. |Inpact area. An area designated for the inpacts of a
projectile, bonmb, rocket, guided missile or other itens.
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2-52. Inert (As Applicable to Ammunition). Containing no explosives
or chem cal agents.

2-53. Inert Area. Any area other than an expl osives or amunition
area within an establishnent.

2-54. |Inert Conponents. The parts of amunition which do not contain
expl osi ves or chenical agents.

2-55. |Inhabited Building. A building or structure other than
operating buildings, magazi nes and auxiliary buil dings occupied in
whol e or in part as a habitation for human bei ngs, or when people are
accustonmed to assenble, both within and outside of Government
establishments. Land outside the boundaries of AMC establishnments
shal | be considered as possible sites for inhabited buil dings.

2-56. Interchange yard. A location set aside for the exchange of
rail cars or trailers between a common carrier and the Governnent.

2-57. Intraline Operations. Those processes acconplished wthin
one operating line.

2-58. Loading Docks. Loading docks are facilities at ground |evel or
el evated structures designed and installed for transferring
expl osi ves, amunition, and conponents parts thereof to or from

aut onoti ve vehicles or railway cars.

2-59. Magazine. A structure designed or specifically designated
for the storage of explosives or anmunition.

2-60. Mugazine Area. A restricted area, specifically designated
and set aside fromother portions of the establishnent of the primry
pur pose of ammunition and expl osives storage.

2-61. Mass Detonation. The virtually instantaneous expl osion of a
mass of expl osives when only a small portion is subjected to fire,
severe concussion or inpact, the inpulse of an initiating agent, or to
the effect of a considerable discharge of energy fromw thout.

2-62. Materiel Test. Any research, experinental, devel oprment,
surveill ance, or acceptance test of materiel or anmunition.

2-63. Maxinmum Credible Event (MCE). In hazards eval uation, the

maxi mum credi bl e event from a hypot hesi zed acci dental explosion, fire,
or agent release is the worst single event that is likely to occur
froma given quantity and disposition of anmunition, explosives,
chemical agent, or reactive material. Event nust be realistic with a
reasonabl e probability (see M L-STD 882) of occurrence considering the
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expl osi on propagation, burning rate characteristics, and physi cal
protection given to the items involved. The MCE evaluation on this
basis may then be used as a basis for effects cal cul ati ons and
casual ty predictions.

2-64. Mlitary Pyrotechnic. Ammunition manufactured
specifically for use as signals, illuminants, and like itemns.

2-65. Mlitary Unique Equipnent. The term"uniquely mlitary

equi pnent, systens, and operations" is interpreted as the design

of Departnent of Defense equi pnent and systens that are unique to

the national defense m ssion, such as military aircraft, ships,
submarines, mssiles and nmissile sites, early warning systens,
mlitary space systens, artillery, tanks, and tactical vehicles;

and operations that are uniquely mlitary such as field nmaneuvers,
naval operations, mlitary flight operations, associated research test
and devel opnent activities and actions required under energency
conditions. It does not include Department of Defense workpl aces and
operations conparable to those of industry in the private sector such
as: vessel, aircraft, and vehicle repair, overhaul, and nodification
(except for equipnent trials); construction; supply services; civi
engi neering or public works; nedical services; and office work.

2-66. Msfire. Failure of a component to fire or explode follow ng
an intentional attenpt to cause an itemto do so.

2-67. Navigable Streams. Those parts of streams, channels, or canals
capabl e of being used in their ordinary or maintained condition as

hi ghway of conmerce over which trade and travel are or may be
conducted in the custonmary nodes, not including streans which are not
capabl e of navigation by barges, tugboats, and other |arge vessels

unl ess they are extensively and regularly used for operation of

pl easure boats.

2-68. Nonconbustible. Not conbustible, not burnable in the ordinary
sense of the word.

2-69. Normal Maintenance. W rk performed on amunition to prevent
deterioration and to correct mnor defects not requiring renovation or
maj or nodi fication operations.

2-70. Qperating Building. Any structure, except a nmmgazine, in which
operations pertaining to manufacturing, processing, or handling
expl osives or ammunition are perforned.

2-71. Qperating Line. The group of buildings used to performthe
consecutive steps in the manufacture, |oading, assenbling,
nmodi fi cation, normal maintenance, renovation, demilitarization
testing, or salvaging of an itemof anmunition or expl osive.
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2-72. Qperational Shield. A barrier constructed per ML STD 398
to protect personnel, materiel, or equipment fromthe effects of
a possible fire or explosion occurring at a particul ar operation.

2-73. Qperator. A person assigned to performa specific
function defined in an SOP

2-74. Qperator Workstation. A specific area where an operator
is assigned to perform operations described in the rel evant SOP

2-75. Qutdoor Storage Sites. Locations selected within the nmagazi ne
area for the storage of amunition and, in exception cases, inert
itens. These |ocations can be any of the follow ng types:

a. FEarth revetted four sides (except entrance) | ocated
bet ween eart h-covered magazi nes.

b. Earth revetted four sides (except entrance) not |ocated
bet ween earth-covered nagazi nes.

c. Nonrevetted with roof cover only (not |ocated between
eart h-covered nmagazi nes)

d. Nonrevetted w thout cover (not |ocated between earth-covered
magazi nes).

2-76. Patrol craft. A powered craft for patrolling restricted
wat er s.

2-77. Public Hi ghway. Any street, road, or highway not under
DOD custody used by the general public for any type of vehicular
travel.

2-78. Public Traffic Route. Any public street, road, highway,
navi gabl e stream or passenger railroad (includes roads on a
mlitary reservation which are open to the public for

t hor oughf are).

2-79. Passenger Railroad. Any steam diesel, electric, or other
railroad which carries passengers for hire.

2-80. Propellant, Solid. Explosives conpositions used for propelling
projectiles and rockets and to generate gases for powering auxiliary
devi ces.

2-81. Pyrotechnic Material. The explosive or chenical ingredients,
i ncludi ng powdered netals, used in the manufacture of nilitary
pyr ot echni cs.
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2-82. Quality Assurance Specialist (Amunition Surveillance) ( QASAS).
Department of the Arnmy G vilians that function in the anmunition
surveill ance program at DOD installations, activities, and conmands
that receive, store, maintain, issue, use, and dispose of amunition

2-83. Quantity-Distance (Q). The quantity of explosives nateria
and di stance separation relationships which provide defined types of
protection. These relationships are based on |levels of risk

consi dered acceptable for the stipul ated exposures and are tabul ated
in the appropriate quantity-di stance tables in DA PAM 385-64.

2-84. Range. Horizontal distance only.

2-85. Range Control. The organization where a range controller
wor Kks.

2-86. Range Controller/Safety Person. A qualified individual having
detailed responsibilities over safety in a danger area.

2-87. Range Safety Oficer. Person responsible for the Range Safety
Program

2-88. Range Work Crew. |Individual (s) required to performtasks

within a range area. Wrk may be required to be perforned where

significant hazards from nunitions, terrain, equipnent, etc., may
exi st.

2-89. Recovery Field. An area used for observing burst or inpact of
bonbs or projectiles for subsequent recovery.

2-90. Renovation. That work perforned on anmunition, mnissiles, or
rockets to restore themto a conpletely serviceable condition; usually
i nvol ves the replacenent of unserviceable or outnoded parts.

2-91. Restricted Area. Any area, usually fenced, at an establishment
where the entrance and egress of personnel and vehicular traffic are
controlled for reasons of safety.

2-92. Rocket. A conplete missile which derives its thrust from
ejection of hot gases generated from propellants carried in the
m ssi |l es.

2-93. Rocket Mdtor. That portion of the conplete rocket which
is |loaded with propellant.

2-94. Roentgen. The unit of neasure of the total quantity of X or
ganma radi ati on, absorbed in air. This is technically defined as the
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anount of X or ganma radiation which as a result of ionization will
produce in cubic centinmeter of dry air, at standard conditions of
tenperature and pressure, ions carrying one electrostatic unit of
electricity of either sign.

2-95. Safety Director. The individual (occupationally qualified
according to civil service requirenents) responsible for managing
all aspects of the safety program

2-96. Sem-fixed Acmunition. Amunition | oaded into a weapon in one
operation and whose cartridge case is not firmy attached to the
projectile so that the propelling charge nay be adjusted for zone
firing.

2-97. Separate-loading Ammunition. Ammunition whose propelling
charge and projectile are | oaded separately into the weapon.

2-98. Separated-Loading Ammunition. Ammunition consisting of a
projectile and a prined cartridge case containing propellant. Unlike
separate | oading amunition, the propelling charge is not adjustable
for zone firing.

2-99. Service Magazine. An auxiliary building used for the
i ntermedi ate storage of explosives materials not exceeding the mininum
amount necessary for the safe efficient production.

2-100. Sinultaneous Detonation. Detonation of separated quantities
of explosives of amunition occurring so nearly at the sane tine that
the affect the surroundings is the sane as if the several quantities
were not separated and were detonated ennmasse.

2-101. Small Arns Ammunition. Ammunition used in firearns of caliber
up to and including caliber .60 and shot guns.

2-102. Storage Conpatibility. A relationship between different itens
of anmmunition, explosives, and other dangerous materials whose
characteristics are such that a quantity of two or nore of the itens
stored or transported together is not nmore hazardous than a conparable
quantity of any one of the itens stored al one.

2-103. Static Detonation Site. The location fromwhich an expl osives
item either on the ground or secured in a fixture, is initiated.

2-104. Substantial Dividing Wall. An interior wall designed to
prevent detonation of quantities of explosives on opposite sides of
the wal | .
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2-105. Supplenentary Standard. A standard designed to suppl enent
safety standards issued by OSHA when no appropriate OSHA standard
currently exists covering the particular situation. The subject
matter of such a standard nust be forwarded through channels to DOL.

2-106. Surface Danger Zones (SDZ). That segnent of the range area
whi ch is endangered by a particular type of testing.

2-107. Suspect Car Track. A railway spur track where a car suspected
of being in a hazardous condition can be exami ned prior to unloading
of the expl osive contents.

2-108. Surveillance. The observation, inspection, test, study,

i nvestigation, and classification of anmunition, amunition
components, and expl osives in novenent, storage, and use, with respect
to degree of serviceability and rate of deterioration

2-109. Surveillance Wrkshop. A special building equipped to permt
all normal anmunition surveillance inspections.

2-110. Test Sites. Locations where materiel testing i s conducted.

2-111. Test Director/COfficer. A trained, certified individua
responsi bl e for conduct of a materiel test.

2-112. Transient. A person with official business on a production
line or operation but who is not routinely assigned to a specific
limted location. Typically, transients are roving supervisors,
qual ity assurance, or nai ntenance personnel

Oficial visitors are considered transients.

2-113. Uilities. Those services such as water, air, steam sewage,
tel ephone, electricity necessary to the operation of an establishnent.

2-114. Waiver. Witten authority fromthe risk acceptance authority
(see table 1-2) permitting deviation froma mandatory requirenent of
these regulations for a limted period of time not to exceed 5 years.
Local waivers are witten authority froman installati on comander
permtting deviation froman advisory provision of this regulation
Local waivers are also granted for specific periods of tine.

2-115. Warhead. That portion of a rocket or guided nmissile
contai ni ng the high expl osives charge or other destructive agent.

2-116. Weapon. A gun, how tzer, nortar, |auncher, or projector of
any type.
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CHAPTER 3
NUCLEAR WEAPONS SAFETY
3-1. Scope. This chapter contains specialized safety requirenments

for storage, handling, and naintenance of nucl ear weapons and rel ated
equi prent. It supplenments the TM 9-1100/ 1115 and TM 39-seri es

manual s. In general, other chapters of this manual do not apply to
nucl ear weapon operations; however, sone specific paragraphs are
related. 1In those cases, the responsi bl e commander shall apply them

as required. Conflicts in interpretation shall be directed to the
Conmander, AMC, ATTN. AMCSF, for resol ution.

3-2. Definitions. a. Abnormal operations. Any operation that
requires application of force greater than normal (prinmarily when
expl osi ves or expl osive conmponents are involved), the establishnent of
extra precautions, special protection of personnel, or specialized
tool s and/or equipnent (para 3-4 and 3-8). Exanples are--

(1) Renoval of "frozen" conponents, including screws, nuts,
and other fasteners within the warhead section or warhead (when
associ ated with expl osives, explosive conponents, or limted life
conponents).

(2) Disassenbly of a warhead section (WHS) or warhead after
being involved in a fire, accident, or incident.

(3) Any operation involving a "suspect" weapon.

b. Ancillary electrical equiprment. Portable and permanently
installed electrical equipment used in support of nucl ear weapon
oper ati ons.

c. Conpatible and inconpatible operations. Certain operations
that may or may not be perforned concurrently, depending on the
circunmstances (table 3-1).

d. Explosive conmponents. Conponents that contain encased
expl osive or propellants, designed to acconplish a specific function
in a weapon.

e. Inert operations. Nuclear weapon-rel ated storage and
mai nt enance functions that do not involve explosives or nucl ear
mat eri al

f. Limted life conponents. Conponents used in nucl ear weapon
that decay with age and nust be replaced on a periodic basis.
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g. Locally fabricated equipnment. Any tool, device, or item of
handl i ng equi pment not avail abl e through normal supply channels and
whi ch is designed and approved for a specialized task that cannot be
acconpl i shed by equi prent authorized in existing, approved, technica
publications (para 3-4).

h. Normal operations. Any routine procedures specified in
approved technical publications that do not require the use of tools
and/ or equi pnment not prescribed therein. Exanples are--

(1) Unpackagi ng, packagi ng, inspection, and nmi nt enance.
(2) Assenbly or disassenbly of WHS
(3) Installation or renoval of components.

(4) Processing of adaption kits (AK), test and handling (T&H)
equi prent, and general supply itens.

i. Suspect weapon. Any weapon that, when suspected of having
been tanpered with or when subjected to authorized test procedures,
fails to respond to the criteria in the appropriate technical nanual
and which also indicates a condition that is potentially unsafe for
further testing or handling w thout increased safety precautions,

i ncludi ng reduction of personnel exposed to the operation

j . Unpackagi ng. Renoval of warheads, WHS, AK, and rel ated
conponents from shi pping containers and the use of specialized
mat eri al s handl i ng equi prrent (MHE) in conjunction therewth.

3-3. Operations with Electrical and El ectronic Equi pnent. a.
General. Refer to TB 385-4 and TM 39-35-51 for gui dance on operations
with this equi prent.

b. Portable power supplies. As a general rule, use of portable
power supplies is covered in approved system publications that specify

proper shop practices for their application. |If there is a
requi renent for equi pment not authorized therein, paragraph 3-4
appl i es.

c. Thernmal batteries. These batteries, and conponents
containing them shall be kept away from hi gh heat sources and
circuits containing exposed potentials where inadvertent contact woul d
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actuate them An inadvertently activated battery shoul d be cool ed
until it can be handl ed by the bare hands, otherw se use of approved
gl oves i s reconmended.

d. Radio-frequency energy. Although el ectroexpl osive devices
(EED), such as squi bs and detonators, can be fired by radi o-frequency
(RF) energy fromradio or radar transnitters under certain conditions,
the design of conponents containing themw Il normally preclude their
i nadvertent functioning. Prerequisites for firing are--

(1) A sufficiently strong el ectromagnetic field and;
(2) A suitable receiving antenna.

e. WHS or lead wires may act as antenna. Under certain
conditions, the WHS in which an EED is | ocated or the |ead wires of
the EED itself can act as an antenna. They are relatively safe even
in strong RF fields when enclosed in nmetal containers. A perfect
encl osure can elimnate the hazard of firing due to entry of RF
energy; however, functioning may occur in strong fields due to
i nduction heating. Breaks or ports in the surface of hollow netal
encl osures al so make possible entry of RF energy. Protection against
hazards can be enhanced by--

(1) Twisting lead wires together after they are renoved froma
circuit.

(2) Avoiding unnecessary exposure to RF fields, in particular
the mai n beam of radar transmitters.

(3) Turning off an RF transmitter during installation and
renoval of an EED from a weapon.

(4) Performng operations involving exposed EED in structures
that, due to design and construction, attenuate the RF energy.

(5) Mnimze exposure by anple separation of the devices from
RF energy sources. Refer to chapter 7, AR 50-5 for further guidance.

f. Heat sealing equipnment. Electric heat sealing equi pmrent may
be used in roonms, bays, or cubicles containing inert materials wthout
any restrictions. |f such areas contain seal ed expl osives, separation
of the equi prent fromthe conmponents shall be determ ned by the hazard
presented, the objective being to prevent any adverse interaction
bet ween the equi pnent and the conponent (s).
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3-4. Locally Fabricated Equi pnent. a. The basic policy on use of
equi prrent and procedures for nucl ear weapon operations is contained in
the Safety Rules for each weapons system as foll ows:

"Only authorized equi pnent and procedures, as described
in applicable publications or directives approved by
mlitary departnent of higher level for a system will
be enployed for all operations involving the system

Al mlitary departnment approved technical and
operational procedures involving the weapon system

t hroughout the stockpile to target sequence will be
consistent with these specific rules and the nucl ear
safety standards."

b. It is recognized that locally fabricated itenms are sonetines
required because of specialized application and feasibility of
including themas stock |isted conponents. Approval for their design
and use is the responsibility of the system design agency. To obtain
this approval --

(1) Review the function for the proposed equi pment to
det er mi ne whet her existing equipnent is adequate, requires
nmodi fi cation, or can be elimnated by changing the procedures.

(2) Submit an Equi prent | nprovement Recommendati on report
(TB 9-1100-803-15) including detail ed drawi ngs to acconpany the
proposal, if applicable. This procedure ensures that review and
approval is obtained under the "approved by mlitary departnment or
hi gher | evel" concept, required by the weapon systemsafety rules.

3-5. Materials Handling and | ndustrial Equipnent. a. Criteria for
installati on and use.

(1) Structures to which MHE is to be attached shall be capable
of supporting the weight of equi prment and its maxi mum | oad.

(2) sSufficient overhead and side cl earances shall be provided.

(3) Floors, roadways, and ranmps nust be capabl e of supporting
the MHE and its | oad without damage and be free of inperfections that
woul d nake operations hazardous.

(4) MHE shall be free of unauthorized encl osures and
attachnents that interfere with driver vision, and shall not be
equi pped wi th nonessential accessories.

(5) Hydraulic systens shall be maintained according to
instructions covering specific itens.
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b. Inspections, testing, and nai ntenance. For application of
the OSHA standards, refer to TB 43-0142. This publication provides
m ni mum i nspection and testing requirenents for all installed and

portable lifting devices. For additional information on |oad testing,
refer to TB 9-1100-804- 15 and/or systemtechnical nanuals.

3-6. Substantial Dividing Wlls. As defined in chapter 5 and DA PAM
385-64, such walls shall be used within an assenbly structure to
separate operations and to prevent explosive propagation. The
following rules apply for conducting operations in nultibay
structures:

a. Dividing walls separating one bay from another shall not
contai n any openi ngs.

b. The nunber of nucl ear weapons and total weight of high
expl osives in a single bay shall conformto the requirenents of
TM 39-20-7, but in no case shall the quantity exceed that for which
the wall (s) was designed.

c. Weapons shall be located no less than 1 nmeter (3 feet) from
the dividing walls. In nultibay structures, they shall be oriented so
that the maxi mum anmount of nonexpl osive conponents and naterials face
the nearest dividing wall separating it froma bay containing other
weapons.

3-7. Qperational Shields. These shields are not required for normal
weapon assenbly or di sassenbly and operations involving inert
conponents.

3-8. Renpval of Frozen or Damaged Expl osive Conponents. Contact the
appropri ate weapon comodity manager for technical assistance before
attenpting to renmove such components in the event that guidance has
not been previously provided for identical cases.

3-9. Authorized Storage Operations. |f adequate work space is
avai | abl e and special handling equi pment is not required, these
functions may be performed in a nagazine--

a. Renoval of container covers.
b. Renoval of access ports to acconplish nonitoring.

c. Replacenment of desiccant in containers having an externa
port accessible to the conpartnent.

d. The use of continuity loop testers not requiring an externa
power supply.
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e. Testing of systens having a built-in, self-test capability.
f. Performance of pressure checks.

g. Pressurizing, nmonitoring, and codi ng/recordi ng of Permi ssive
Action Links (PAL), and the renmoval of container hardware necessary
for perform ng these operations. The use of conpressed gas cylinders,
according to TM 39-3551, is authorized. Large, bulky cylinders that
wei gh over 11.5 kg (25 I bs)shall be noved on a hand- operated vehicle.
Hoses shall be of sufficient length to enable pressurization of itens
when the cylinder is |located either in the center aisle of, or
out si de, the magazi ne.

h. Loadi ng, unloading, or rewarehousi ng of weapons and their
components by use of types E, ES, EE, and EX el ectronically-powered
forklifts and lowifts.

i. Mnor repair to weapon containers that does not require
cutting, drilling, soldering, welding, or other operations producing
heat and fl ame.

j. Unpackaging, as required for verification inspections.

k. The renoval of fungus contamination from warheads, AKs,
VWHS, and contai ners.

I. The follow ng guidance of a nonfunctional nature is also
provi ded:

(1) Rail cars, vans, and other transporters will remain at the
entrance or apron of a storage site only during |oading and unl oadi ng.

(2) Weapons or high-cost inert materials shall not be stored
out si de; between nagazi nes or other structures. Existing facilities,
fornmerly terned Y-sites, nmay be used for storage of inert itenms such
as transfer dollies, shipping crates, and handling gear if adequate
i nsi de storage space is not avail able.

(3) Ventilators in heated storage structures or in |ow
hum dity areas may be cl osed when they contain weapons in nornal
shi ppi ng and storage contai ners.

(4) Only authorized containers shall be stored in nagazi nes
that are equi pped with high density polystyrene protective barricades.
Because of the flammability characteristics of polystyrene, any
flammabl e material or flame-produci ng devices are prohibited therein
(T™M 39-20-7).

3-6
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(5) Limted life conponents, in their authorized containers,
may be stored in any convenient location in the nucl ear weapon storage
area with weapons or rel ated components.

3-10. Exceptions and Related Guidance. a. Fire fighting. Refer to
TB 385-2 and TM 39-20-11

b. Fire synbols. Fire synbols shall not be used in connection
wi th storage, maintenance, or transportation of nuclear weapons.
Local instructions to ensure that the fire departnent personnel are
made aware of structure, vehicle, and | oadi ng/ unl oading area contents
shal | be contained in appropriate station docunentation

c. Placards. EXPLOSIVE or RADI QACTI VE pl acards shall not be
used on vehicles or aircraft containing nucl ear weapons while on AMC
installations. This is not intended to nmean vehicles or aircraft
cannot be placarded in the exclusion area prior to their departure
fromthe installation. Posting of |oading and unloadi ng areas is not
required; control thereof while they contain nucl ear weapons shall be
provi ded by security forces according to AR 50-5.

3-11. Conpatible/lnconpatible Operations. Table 3-1 identifies
conpati ble and i nconpatible operations. Conpatibility is determ ned
by separating the operations to be perforned concurrently, enter
table 3-1 at the row for one of the operations to be performed and
follow that rowto the intersection with the colum for the other
operation. |If the block at this intersection is blank the operations
are conpatible and may be perforned concurrently. |If the bl ock
contains a nunber referring to a footnote, the footnote requirenents
must be nmet to nake the operations conpatible, thus allowing themto
be performed concurrently. |If the block contains an "x" the
operations are inconpatible and shall not be perforned concurrently
unl ess witten approval is granted fromthe Conmander, AMC (ATTN:
AMCSF) per paragraph 1-6.

3-12. Inspection. The installation's surveillance organization may
moni tor the operating segnents for conpliance with safety provisions
of this chapter. This does not relieve the installation's safety
office fromits responsibilities as outlined in paragraphs 1-8 and 1-
17.

3-7
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Inspection of Projectile X | X % X
Insp, Test, Rep, of T & H Equip X 2 | X
Maintenance Calibration X | X 2 [ X
Insp, Test, Assy, Disassy, Tng Item X 2 | X
Soldering X 2 | X
Welding X X X 2 | X
Abnormal Operations (See para 3-2(a)) XXX |X|[X]X X | X [X
Demilitarization (Non-explosive, non-nuclear) 2 | X
Operations Involving Inert Items % 212211212 (X]2 2
Operations Involving Explosive Components XXX X[X[X|X]|X]2

FOOTNOTES:
(1) Operation shall be incompatible if explosive components are involved.

(2) Permitted provided operations are mission-related. See paragraphs 5-6 and 16-1.

Table 3-1. Operational Conpatibility Chart

3-8



AMC- R 385-100

CHAPTER 4
LABORATORY SAFETY

4-1. Ceneral. a. Local safety standards covering all |aboratory
practices and procedures shall be formul ated, approved, and adopted.
Laboratory work invol ving expl osi ves, chem cal agents, biol ogical
radi ol ogi cal, and ot her hazardous materials shall be perforned only
per the provisions of approved SOPs. SOPs should include energency
procedures, fornmal functions, and unexpected or uncontrolled reactions
that mght occur. The energency procedures should be practiced
periodically.

b. Laboratory safety standards shall take into account the
requi renents of 29 CFR 1450, including appendix A - National Research
Counci| Recommrendati ons Concerni ng Chem cal Hygiene in Laboratories.

c. Chemcal Agent Laboratory operations. Refer to AR 385-61 and
DA PAM 385-61 for safety requirements pertaining to toxic chenica
agent | aboratory operations.

d. Biological Defense Program Laboratory. Refer to AR 385-69
and DA PAM 385-69 for safety requirenents pertaining to biologica
| aboratory operations.

4-2. Storage. a. Each laboratory building should have storage
room(s) for bulk chem cals and one for |aboratory equi pment and
apparatus. The chem cal storage roon(s) shall be well ventilated and
|ighted, provided with adequate nmeans for energency exit, and shall be
separated fromother parts of |aboratory buil dings by adequate fire
walls. Openings in the fire walls shall be protected by approved
automatically closing doors. The roomshall be protected by
permanently installed automatic class B fire extinguishers or
sprinklers. Personnel deluge showers and energency eye | avages shal
be installed in or accessible to all chem cal storage roons. An

i nventory of chem cal supplies shall be maintained for all roons.

Car boys, containers of chemicals and bul ky itens should be stored as
near the floor as practicable. Chem cals which mght react to produce
dangerous funmes or explosions nust be stored so that they will not
conme together in the event of a leak or spill. Radioactive materials
must be isolated, and properly shielded and identified per established
safety standards. Volatile liquids nmust be stored away from heat
sources and out of the direct rays of sunlight. Flamable |iquids
shall be stored in approved-type flammbl e storage cabi nets per 29 CFR
1910. 106. Al electrical equipnent nust be of the approved type.

Each container nust be |egibly nmarked or |abeled for identification of
contents and should be tightly closed when not in use.
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b. Expl osives and other highly reactive material must be stored
separately fromother materials with which they nmay react or are
i nconpatible. The separation nust be such to preclude mxing of the
reactive or inconpatible materials. Al explosives and ot her
particul arly hazardous nmaterials nust be stored outside the |aboratory
building, in separate facilities that neet the construction and
quantity-di stance requirenents set forth in DA PAM 385- 64.

c. Experinmental explosive conpositions made in the |aboratory
shal | be di sposed of pronptly after the purpose for which they were
prepared has been fulfilled. Sanple materials shall not be allowed to
accunul ate. All sanples placed in storage nust be identified with a
per manent | abel

d. Control logs shall be mmintained of all radioactive materi al
in stock, particularly tracer material. Radioactive materials shal
be kept in a secure location and issued only to properly trained
personnel, authorized by |icense to use them

e. Were refrigeration is required for any flammble or
expl osi ve chem cal, an ice chest of approved design or an expl osi on-
proof refrigerator neeting the requirenents of NFPA 45 shall be used.
Refrigerators for | aboratory storage shall not be used to store
personal food or drink itens.

4-3. Handling. a. Mechanical devices should be used to transfer
lift, and pour chem cals fromlarge containers or carboys. Safety

si phons, approved type punps or inclinators shall be used when

di spensing acids from carboys. Druns of chenical should be nounted
hori zontal ly, securely braced, with drip pans placed on the fl oor
under the taps of faucets to absorb any drippings. Cdass |I flamable
I'i quids should not be drawn from or dispensed into vessels or
containers within a building except by nmeans of a device draw ng from
the top of the tank or container. Wthin a building, gravity

di scharge of class |I flammble liquids fromother than a safety

contai ner is prohibited unless essential to the operation and
specifically approved by the installation Cormander. The quantity of
class | liquids in these containers must not exceed that required for
one day of operation. Faucets, when used, should have spring closing
action and a |locking pin, (see fig 11, National Safety Council Safe
Practice Panphl et No. 60). Necessary protective clothing and

equi prent shall be readily avail able and used as required.

Hazardous materials and materials of unknown characteristics should be
handl ed renotely during processing, testing, and experinenting.

b. Laboratory equi pnent or apparatus should be installed in a
manner that will ensure stability as well as prevent inadvertent
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movenent of equi pnent that woul d affect equi prment alignment or the
operation. Pieces of apparatus or equi pnent containing heated

chem cals, acids, flammble materials, or other hazardous cheni ca
shoul d al so be carefully assenbl ed, positioned, and secured to prevent
themfromfalling or being knocked over.

4-4. Laboratory Techniques. a. Before starting a research project,
investigators should identify the health and safety hazards of
chemicals to be used and produced and the hazards of the reactions
which may occur. In addition to SOPs, energency procedures for

mal functi ons and unexpected or uncontrolled reactions that night occur
shoul d be established and practiced. Wen in doubt about any
operation and before working with nmaterial whose properties are in
doubt, the supervisor nust be consulted.

b. Sinultaneous chemi cal investigation of inconpatible materials
such as fuels and oxidizers, or acids and cyani des shall not be
conducted by one person, nor in adjacent work areas that are not
separated in a manner to prevent m Xing.

c. Good housekeepi ng nust be practiced at all times. Each
| aborat ory/room nust be kept neat, orderly, and free of hazardous
anounts of expl osives and chem cal contam nation. Corridors nust
be kept clean; floors, shelves, and work areas shall be kept free from
all unnecessary apparatus and chemicals. Spills shall be cleaned up
i medi atel y and broken gl assware shall be placed in separate,
speci ally marked receptacl es.

d. Every scientist/lab operator, upon vacating a |aboratory on
conpl etion of a project, must decontam nate that |aboratory to ensure
that the next occupant will not encounter any unforeseen hazard
created by unused or spilled expl osives/chenicals, inconpatible
m xtures in sink and water trap, and the |ike, acconplishing same to
the satisfaction of his supervisor/lab chief. At the end of each day,
decont am nati on nust be acconplished to the maxi num extent which will
not interfere with essential work.

e. Wirking alone outside of normal duty hours, on weekends, or
on holidays in an expl osives |aboratory nust have | ocal safety office
approval on a tinely basis.

f. Al laboratory clothing which nay becone contaninated with
subst ances unsafe for renoval at the installation or comercia
| aundries shall be washed on a schedul ed basis in a separate facility
designated for that purpose
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g. Carrying or use of snoking, eating, or cosnetic materials is
prohibited in | aboratories where toxic materials are or nmay be
present.

4-5. Protective dothing and Equi prment. a. Each operation nust

be evaluated for the potential hazards and proper protective clothing
and equi pnrent per 29 CFR 1910 Subpart 1. Safety goggles constitute a
very inportant item of personal protective equi prent for |aboratory
wor k, and they rmust be worn during all operations presenting eye
hazards. Eye protection confornming to ANSI Z 87-1 and Arny

Envi ronnental Hygi ene Agency (AEHA) COccupational Vision Guide shall be
worn by all personnel where operations presenting eye hazards are
bei ng conducted (including aisles and hal l ways). Heat resistant
mttens or tongs nust be used to handl e hot or cryogenic objects.
Respirators approved by National Institute of Cccupational Safety and
Health (NIOSH), M ne Safety and Health Adm nistrati on (MSHA), or by
the Surgeon General's Ofice and the USA Chem cal Research and

Devel opnment Center nmust be worn or adequate ventilation provided when
personnel are working with nmaterials that may produce harnful air
cont am nat i on.

b. Safety showers of the deluge type and eye wash fountains
shal | be provided at |ocations where personnel are exposed to
hazar dous cheni cal s.

c. Protective shields (approved for quantities being used)
and indirect handling devices nust be used for operations involving
hazardous materials which nay react violently, and which could result
ina fire or explosion. Safeguards must al so be used when handling
and storing radiol ogi cal and bi ol ogi cal naterials.

4-6. Ventilation. a. Laboratory ventilation systems nust be
adequate to maintain a confortable tenperature level. They nust have
sufficient capacities to properly condition nmake-up air required for
exhaust hoods. The principle neans for renmoval of toxic contaninants
shal | be exhaust systens, with intakes (nornally in the form of hoods)
at points where contamnants are generated. Exhaust systens for toxic
chem cal s must conformw th guidelines established by the U S. Arny
Center for Health Promption and Preventive Medicine. Operators shal
physically verify local ventilation hood flow rates and direction
daily prior to use by neasuring flow at |east three places across the
hood face and ensuring the average is within the certified hood
limts.

b. Proper maintenance is essential to a safe | aboratory
operati on.
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(1) Laboratory hoods and exhaust system conponents should
recei ve preventive mai ntenance seniannually. The checklist should
include: replacing of worn belts; greasing of bearings; checking
corrosion of ducts, fans, blowers, and discharge stack; checking
ti ghtness of duct connections; cleaning of ducts and equi pnent;
adj ust nent of vol unme danpers and hood baffles; and cl eaning or
replacing filters.

(2) Laboratory hoods shoul d be performance-eval uated at
| east every 3 nonths, immediately after installation, and inmediately
before and after ventilation nodification. Uniformair distribution
shoul d be provided. Because adjustable baffles and danpers are
subj ect to tanpering, they should be checked with each inspection
The proper air distribution is determ ned by the face velocity test,
cont am nant | eakage test, and static pressure test. Before perform ng
the tests, verify that the make-up air system and other |aboratory
hoods or exhaust devices are operating and wi ndows and doors are in
their normal positions.

(3) Afilter maintenance programw |l ensure that the filter
materials are perform ng as required.

(4) Wen nmai ntenance personnel are required to work on

potentially contam nated systens they will receive prior concurrences
from safety and operating personnel and will be trained on potenti al
exposur es.

4-7. Pressure Processes. a. Autoclaves, bonbs with inside dianeter
greater than 6 inches used in services at 15 psig or nore, and ot her
pressure equi prrent contai ni ng expl osi ves or other hazardous chenical s
shal |l be placed in separate cubicles that are designed to confine and
direct the force of possible explosions away from personnel and ot her
facilities. Walls separating these cubicles fromother parts of

| aboratories shall nmeet requirenments of TM 5-1300 for new
construction. At |least one side of the cubicle shall be open to
wal | (s) designed to vent internal explosions with the formation of a
m ni mum of large fragnments. @ ass pressure vessels shall be so

encl osed that breakage woul d not endanger personnel. Pressurizing
contai ners of explosives or other hazardous materials shall be done by
renote control regardl ess of container size.

b. Pressure vessels shall be constructed, inspected, and tested
per American Society of Mechani cal Engi neers (ASME) codes and Arny
regul ations. WMaterials of construction rmust be conpatible with
chemicals to which they are to be exposed. Means shall be provided
for safe rel ease of positive pressure of vacuumfrom a pressure vesse
prior to opening.
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c. SOPs should be devel oped covering use of pressure vessels.

4-8. Flanmable Liquids. The quantity of flanmable liquids stored in
| aboratories shall be kept to the mninmnumrequired for safe and
efficient operation. Except where prohibited by technica

consi derations, flammable liquids shall be stored in and di spensed
from approved type safety containers. Operations involving volatile
flammabl e 1iqui ds shoul d be carried out behind protective shields,
under hoods, within trays or other suitable containers that will make
control easier if a fire should start. Flanmable |iquids should be
kept away fromignition sources such as exposed el ectric heating

el ements, open flane, and electrical wiring and equi pnent that is not
of the type approved for use in class | hazardous |ocations. Wen
flammabl e 1iquids must be heated in the | aboratory, it is preferable
that water, steam or electrical heat be used.

4-9. Electrical Equipnent and Wring. Electrical wiring and

equi prrent and their installation shall be per the National Electric
Code and chapter 6 of this regulation. A certification of electrical
safety by a qualified Government safety engi neer based on a hazard
analysis will be accepted in |lieu of approval by a recognized testing
agency if equi pnent approved by such an agency is unavailable, and if
the certification and analysis are maintai ned at the responsi ble major
subordi nate command until the equi pnent is w thdrawn from servi ce.

4-10. Disposal of Waste Materials. a. Proper containers shal

be provided for disposal of various waste materials. A sufficient
nunber of containers shall be available to preclude m xi ng of
materials which may result in a chem cal reaction, fire, or explosion
I nnocuous materials should not be nixed with hazardous nmaterials. Al
contai ners must be distinctly narked to identify the contents.

Vol atile flammble |iquids shall never be poured down a sink, basin,
or any drain.

b. Materials such as cyani des, which are capabl e of evol ving
poi sonous gases either alone or as a result of a reaction with other
materials, shall not be enptied into drains or sewers. A chemist or
other qualified person should supervise their disposal

c. Disposal and storage for disposal are also dictated by
established installation waste managenent procedures to ensure
conpliance with environnmental regulations. Coordinate with the
Installation Environnental Coordinator.

4-11. Radiation Safety. Laboratory operations involving sources of
ionizing radiation shall conmply with provisions of AR 385-11

Radi ati on Protection, and applicable regul ations of the Nucl ear
Regul at ory Conmi ssi on
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4-12. Explosives Safety. a. The quantity of explosives used in any
| aboratory operation must be approved by the | ocal safety office.
Repetitive testing will require only initial approval of quantities

i nvol ved. \Where operations involve expl osives, severe fire hazards,
or toxic naterials, exposure nust be limted to the m ni mum nunber of
personnel, for the minimumtine, consistent with safe and efficient
operati on.

b. Laboratory operations involving expl osives should be
separated from each other and fromthose invol ving nonexpl osi ves hy
operational shields (DA PAM 385-64, para 18-3). Particularly
hazar dous | aboratory operations invol ving expl osives shoul d be
performed by renpote control with the operator protected by an
operational shield.

c. The quantity-distances set forth in table 4-1 are applicable
bet ween | aboratories and adj acent exposures if analysis verifies the
absence of fragnment hazards.

d. Ovens used to dry sanples of explosives should be designed to
vent an internal explosion safely.

e. Collection and disposal of explosives waste shall conply with
requirenents of chapter 21. Explosives waste shall be renpoved from
the | aboratory at regular and frequent intervals.



0 5 10 10 10
5 10 15 15 15
10 20 20 20 20
20 30 25 25 25
30 50 30 30 30
50 80 35 35 35
80 100 40 40 40
100 150 45 45 45
150 200 50 50 50

* When a fragment hazard to adjacent exposures is created by the casing, the container, or the
structural elements of the buildings or process equipment surrounding the high explosives, or the
guantity of high explosives exceeds 50 pounds, distances shall be obtained from tables in DA

PAM 385-64.

Table 4-1. Cdass 1.3 - Quantity Distance (Laboratories)

4-8
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CHAPTER 5

CONSTRUCTI ON AND UTI LI TI ES

5-1. Introduction. New construction. Each new operating and
auxiliary building, and each new utility pertaining thereto, at

any AMC establishnent, shall conmply with the mandatory and advi sory
provi sions of this regulation

5-2. Building Exteriors. Exterior wall and roof coverings of
bui | di ngs cont ai ni ng expl osi ves or expl osives operations should be
nonconbustible. Wile it is recognized that wod nay be the material
of choice in a few applications, in general it is considered a
conmbustible material, whether treated or untreated for fire

resi stance, and should not be used in construction of explosives
facilities. Justification of the selection of wood as a construction
material for explosives facilities shall be contained in the safety
revi ew subni ssions. |If conbustible built-up roofing is used, roof
decks shoul d be noncombusti bl e. The buil di ngs shoul d be without
basenents and not nore than one story high, except where necessitated
by process requirenents.

5-3. Floors and Wrk Surfaces. Floors and work surfaces in

expl osives facilities shall be constructed to facilitate cleaning

and to preclude, insofar as possible, cracks or crevices in which
expl osi ves may | odge. Subfloors, finished flooring, and work
surfaces nust not winkle or buckle under operating conditions.

In chemical nunitions facilities, surfaces nust be sealed or treated
to prevent agent absorption during spills so that conplete
decont am nati on can be obtained. No porous material should be used
for flooring where there is danger of agent contamination. Coating or
sealing materials nmust not react with agent. 1In explosives facilities
and | ocations where the atnosphere nmay contain conbustible dusts, or
fl ammabl e vapors or gases, ferrous nmetal surfaces shall not be coated
with al um num paint due to the potential sparking hazard. Cove bases
at the junction of walls and floor are recommended. Exposed nails,
screws or bolts in work surfaces must be avoided. Floors, floor
coverings, and floor treatnments should be noncombusti bl e except that
vinyl, ethylene vinyl acetate, and simlar floor coverings are
accept abl e where special characteristics such as conductivity are
required.

5-4. Interior Walls, Roofs, and Ceiling. a. |In chemical nunitions
manuf acturing facilities, walls and ceilings nmust be constructed of
nonporous material. Walls and ceilings nmust not absorb agent, nust

decontam nate easily and resist action by liquid and gaseous agent.
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b. Suspended ceilings shall not be used in explosives operating
bui | di ngs where expl osi ve dust may be present. Recommended practice
is toinstall insulation and covering directly on the underside of the
roof deck.

c. Wen explosives buildings are used to store expl osive
materi al, appropriate structural features should be included in the
design to deter access by unauthorized personnel. The wall should
appear to present an obstacle to intrusion into the building yet be
lightly constructed to provide maxi mumventing for an interna
expl osion. Construction materials used should clearly show any break-
in to operational or security personnel checking the building.

5-5. Fire WAlls. Fire walls and openings in fire walls nust

comply with requirenents of ML-HDBK 1008, Fire Prevention Handbook
Fire walls in nmunitions buildings should be constructed of approved
nonporous nmaterials and sealed with coating materials that wll

prevent absorption of explosives and chemi cal agents, resist action by
the chenical agents, and be easy to clean

5-6. Substantial Dividing Walls. a. Substantial dividing walls wil
be designed per TM 5-1300, Structures to Resist the Effects of

Acci dental Expl osions, to prevent propagation of detonation by bl ast
and by ammunition or wall fragnents.

b. Existing Reinforced Concrete Walls (RCW not |ess than 12
inches thick, are considered effective in preventing propagation
bet ween bays when the donor quantity does not exceed 425 pounds of
class 1, division 1 explosives. |In existing building having such
wal | s, operations must be planned so that the mnimum quantity of
expl osives or ammunition required for safe and efficient operations
will be in each bay. For operations, |located in an existing building
with 12-inch RCW the following siting criteria apply:

(1) |If each bay in the existing building will have an
explosive limt equal to or |less than 425 pounds of class 1, division
1 explosives the quantity associated with the building for quantity
di stance purposes is equal to the largest quantity in a single bay.

(2) If any bay in the existing building will have an expl osi ve
limt in excess of 425 pounds of class 1, division 1 explosives the
total quantity of explosives in the building will be used for quantity
di stance purposes. |If it can be shown that a | esser quantity is
appropriate by virtue of test results or other convincing rationale,
it nmust be docunented by submi ssion of site and general construction
pl ans.

5-2
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c. Openings in substantial dividing walls for the installation
of conveyors are not recommended. \Were such openings are deened
necessary, the size shall not be larger than the m ni mum which will
permt safe passage of the itembeing transferred. Wen the conveyors
are not being used, the openings shall be provided with closures
designed to the level of protection afforded by the wall.

5-7. Building Exits. a. Each operating room or building containing
expl osives and other materials which constitute a serious hazard to
operating personnel shall be provided with at | east two exits unless
the roomor building is snmall and occupi ed by not nore than two
persons. In the latter instance, a single properly |located exit is
acceptable. Exits shall be at least 30 inches wide and | ocated at
opposite ends or sides of the area involved. The expl osives hazard
shoul d not be | ocated between the operator and the exit. The path of
travel fromthe work place shall be unobstructed. Roons in which nore
than ei ght persons are enployed shall be provided with one additiona
exit for each five additional enpl oyees or portion thereof. In
determining the total nunber of exits required where exit widths
exceed 30 inches, each 30 inches of width may be considered one

exit. Exits should be equally spaced about the perineter of |arge
expl osi ves operating buildings. No operator work station should be

| ocated nmore than 25 feet fromthe nearest exit. Travel to exits in
bui | di ngs cont ai ni ng expl osi ves shall not exceed 75 feet from any
point to reach the nearest exit. Exit should be to the outside of the
buil ding rather than into a hallway or another room

b. Refer to NFPA 101, Life Safety Code and/or consult your
| ocal fire departnent for additional guidance.

5-8. Doors. a. Exit doors in explosives operating buil dings shal
open outward and during operating hours shall not be fastened with

| ocks other than antipanic catches or other quick-releasing devices.
Exit doors shall not be obstructed. Exit doors in buildings
cont ai ni ng expl osives, except storage nagazi nes, shall be casenent
type and gl azed with nonshatter plastic nmaterials. |In no case shal
the opening be |l ess than 30 inches wide by 80 inches high. Al
interior doors should open in the direction of flow of materi al
through the building and shall open upon unobstructed passageways.
Expl osi ves buildings exit doors which are nore than 4 feet above the
ground shall open on platforns that are provided with safety chutes,
ranps, or stairways with handrails. Doors opening onto ranps or
passageways shall be designed for rapid exit.

b. Refer to NFPA 101, Life Safety Code and/or consult your
| ocal fire departnent for additional guidance.

5-3
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5-9. Safety Chutes. a. Safety chutes shall be provided for el evated
expl osi ves |l ocations fromwhich rapid egress nmay be vital and cannot
be otherw se obtained. Safety chutes should be | ocated on opposite
sides of the explosives operating where practicable to reduce the

|'i keli hood of personnel being trapped by fire between them and a
single chute. Exit to safety chutes nust open on a platformthat is
not |less than 3 feet square and equi pped with guardrails. The chutes
shal | begin at the outside edge of the platformand not at the edge of
the buildings. Landings fromsafety chutes shall be | ocated at

sel ected places that lead directly to escape routes that are free from
tripping hazards, |low guy |ines, drains, ditches, or other
obstructions. Manually or automatically controlled trips shall be
installed at or near the entrances to chutes to give an alarmin the
operating building and in nearby structures; this device may al so
activate del uge valves and water curtains in the building or room

af f ect ed.

b. Recommended safety chute specifications are: Angle 40
degrees-50 degrees with the horizontal; depth of chute, 24 inches;
radius at bottom of chute, 12 inches. The |lower end of the chute nust
not be over 24 inches above the ground. The end of the chute nust
have a horizontal run sufficient to prevent an injury to the enpl oyee
because of speed of exit, w thout the use of |anding cushi ons which
are unsatisfactory in cold weather. One foot of horizontal run at the
bottom of the chute is required for each 15 feet of angled run. The
juncture of the two sections must be well rounded. The finish of the
chute nust be durable and snoboth. Each chute will have only one
entrance and will not nerge with other chutes. Chutes will runin a
straight |ine perpendicular to the building. Supporting nenbers for
safety chutes nay be of wood

5-10. Energency Exits and Fire Escapes. Wndows or doors in
proximty to the fire escape, and fromwhich flanes may reach escaping
personnel, shall be glazed with wire glass except in explosives
operating buildings where the glazing should consist of relatively
nonshatterabl e plastic material s.

5-11. Wndows and Skylights. Odinary glass offers little resistance
to blast effects froman explosion. Wndow breakage can be expected
beyond i nhabited building distances. The extent of hazard resulting
is largely dependent on the velocity of flying glass from breaking

wi ndows. Vulnerability to breakage depends on such factors as
orientation of the window with respect to the site of the explosion
the surface area and thickness of the pane or sheet of glass involved,
and the construction of franme and hardware. For increased safety the
nunber of wi ndows facing a potential explosion site should be kept to
the mininmum The overall size of wi ndows, and individual panes of

gl ass therein also should be kept to the mininum Shatter-resistant
plastic glazing is recommended and will be used in all new
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construction. Were glazing with conventional glass is in use,
the danger of falling and projected glass is present and shoul d
be anticipated. The hazard may be reduced by covering such gl ass
with wire mesh screening properly fixed in position on the

i nsi de.

5-12. Drains and Sunps. a. Al drain lines handling explosive
wastes shall be provided with sunps or basins of adequate design and
capacity for the renoval of explosives by settling. The drains shal
be of adequate capacity, free of pockets and shall have sufficient
slope (at least " inch per foot) to prevent settling out of explosives
in the drain line until it reaches the sunp or settling basin where
the explosives are to be collected. Sunps must be designed so that
suspended and settleable solid explosive material cannot be carried in
the wash waters beyond the sunps. The design shall allow sufficient
settling tine based upon the settling rate of the material and the
usual rate of flow. The sunp shall be constructed so that the

overflowwill not disturb any floating solids. The design nmust also
permit easy renmoval of collected expl osives, and retention of those
expl osives which float on water until they can be skinmred off. |If

settling basins are used to supplenment sunps, the settling basins wll
be cleaned periodically and a | og nmai ntai ned. Explosive collection
trays for sunps will not be made of ferrous netal. Hoisting equi pment
used for lifting the trays will be designed to prevent the trays from
bi nding on the sides of the sunp. Bolted sunp tanks or other types of
construction that permt the explosives to settle in obscure or hidden
spaces are prohibited. Drain gutters within buildings my be
constructed with a sl ope of inch per foot. However, a satisfactory
program of cl eani ng nust be devel oped to assure that all hazardous
material is removed fromdrain gutters.

b. Care nust be taken to avoid the possibility of deposition of
expl osives fromsunp effluent due to drying, tenperature changes, or
interaction with other industrial contam nants. Wen expl osi ves which
are appreciably soluble in water are handl ed, sweeping and ot her dry
coll ecting neasures shall be used to keep them out of the drainage
system

c. Drains between the source of explosives and the sunp
shal |l be troughs with rounded bottons and with renovabl e ventil ated
covers to facilitate inspection for accunul ati ons of expl osives.
Waste liquids shall not be run into closed piping systems except where
necessary to transport the liquid to a waste treatnment facility.
Drains shall be inspected periodically and necessary steps taken to
prevent the buil dup of expl osives deposits in them Drains and sewers
contai ni ng expl osive waste naterials nust not be connected in a manner
to enpty such wastes into the nornmal sewage systems carrying inert or
sanitary wastes or into open ditches.
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d. Connections between sunps or buil dings and waste
treatment facilities should nmeet the sane design goals as for
drains and sunps. Connections will be constructed of materials
conpatible with the effluent, easily inspected and cl eaned.
Connections should be of flanged and bolted construction, not
threaded. It is preferred that such connections not be buried.

5-13. Laundries. Plants operating laundries should have facilities
for washing and fl aneproofing unifornms where such clothing is in use.
Where unifornms and rags which are contam nated with explosives are to
be laundered, the facilities shall include a safe storage place for
contam nated clothing prior to washing, and al so sunps for the renova
of explosives fromwaste water. Drains to the sunps nay be cl osed
providing the water has an adequate scouring velocity to prevent
deposition of explosive material. Testing facilities shall be
provided to check the conplete renoval of the contaninants fromthe
clothing, particularly when insoluble toxic substances are invol ved.
Conmer ci al concerns | aundering such articles shall be inforned of

the nature of the explosives contamni nati on and dangerous chemi ca
reactions therewith. These conmercial concerns shoul d have the
facilities |isted above. Uniforns contam nated with expl osives or
expl osi ves ingredients shall be stored in containers approved by the
installation safety office, at pickup points pending renoval to
laundries. Conpatibility of contanminants will be assured before

nm xi ng uni formns.

5-14. Steamfor Processing and Heating. a. Steamused for heating
operating buildings containing explosives shall have a maxi num
pressure of 5 psi (228 degrees Fahrenheit), except for facilities
where freeze protection is required. Steampressures in |lines or
vessel s that may inadvertently cone in contact with propellants or
expl osi ves shall not exceed 15 psi (250 degrees Fahrenheit).

b. \Were necessary, process steam my exceed 5 psi but shall not
exceed 15 psi for routine operations. Wen the operation demands that
the process steam pressure be greater than 15 psi, the following will
be required:

(1) A hazard analysis to establish pressure limts.
(2) Verification that adequate safety factors are naintained
(3) Limts specifically noted in the appropriate SOPs

wi th approval of the cognizant installation safety office. Process

steamis that which is in direct contact with expl osives, used
directly in the manufacture of explosives, or that which in case of
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equi prrent failure would exhaust directly into contact with expl osives
or expl osives funes.

c. The exterior of steamor hot water pipes in contact with
wood, paper, or other conbustible materials shall not exceed 160
degrees Fahrenheit (71 degrees Celsius). Piping containing hot water
or steamin excess of 140 degrees Fahrenheit should be insulated in
areas where personnel nmay contact them

d. Were steamtenperatures nust exceed 228 degrees Fahrenheit,
in hazardous | ocations, steamlines shall be covered and painted with
an inpervious material or otherw se protected agai nst contact with
expl osi ves. \Where a reducing valve is used, a relief valve should be
installed on the | ow pressure piping. Pressure reducing valves nust
not be bypassed in a manner that will permt circunvention of pressure
reduction requirenents. The production of super-heated steam which
results fromthe throttling action of reducing val ves nust be
prevented by positive neans. The use of a "water leg" or water colum
for control of steam pressure of 5 pounds or less is recomended.
VWhere close control of steamtenperature is necessary, indicating
and recordi ng pressure or temperature gages should be installed.

Such devices shall be periodically tested and the test results
recor ded.

5-15. Ventilation. The follow ng general information and
specifications apply to fusible |links for doors and rear-stack
ventilators on nmagazi nes:

a. The nelting point will be between 155 degrees and 165 degrees

Fahrenheit. The mininmumrated breaking strength will be 20 pounds for
the door ventilator link and 8 pounds for the rear-stack ventilator
link. The fusible link used will be on the current approved |i st

publ i shed by the Underwiters Laboratories, Inc., or other recognized
testing | aboratories.

b. Fusible links will not be painted.
5-16. Fuels for Heating and Power Boilers. a. Fuel, oil, coal,

bi omass, natural or manufactured gases, and |liquefied petrol eum gases
may be used in both explosives and inert areas in AMC installations.

b. DA PAM 385-64 specifies the siting requirenents for detached
boi |l er houses in explosives areas. Low pressure heating boilers my
be |l ocated in an expl osives operating building provided that--

(1) The boiler is separated fromthe rest of the building
by a 2-hour rated fire wall or a wall offering equivalent protection
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(2) Entry/exit to the boiler roomis through exterior walls
only and there are no wall openings between the boiler roomand the
remai nder of the buil ding.

(3) The fuel tank is located underground at |east 10 feet
fromthe building and is not adjacent to the open end of an expl osives
bay.

(4) The fill spout for the fuel tank is |ocated at |east 50
feet fromthe building.

(5) If a day tank is located adjacent to the boiler, it should
not contain more than an 8-hour supply of fuel

5-17. Radiological Facilities/Operations. a. Proper facility

desi gn/operational planning is the nost effective approach in reducing
unnecessary occupational exposures and in mnimzing operationa
difficulties resulting fromunexpected radi ati on exposures or safety
problenms. Participation by a qualified expert in the early planning
stages of a radiation operation or facility to house such an operation
wi Il present the proposing installation with various nethods by which
adequate protection for both operational and nonoperational personne
may be acconpli shed.

b. Construction of a new facility/operation or nodification
of an existing one to house equi prent which can produce a significant
whol e body radiation dose will include the participation of a person
havi ng the necessary know edge and training to advi se regarding the
radi ation protection needs of the facility/operation. A whole body
radi ation dose in excess of the public exposure limt as defined in 20
CFR wi Il be considered significant for purposes of this requirement.

c. Radiol ogical operations/equi pnent which could produce
radiation in significant quantity to require the participation of
a qualified expert in radiation safety would include--

(1) Particle accelerators, including large X-ray units.
(2) Subcritical uses of fissionable material
(3) Neutron generator or source assenblies.

(4) Radiographic or calibration operations.

(5) Irradiation facilities.
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d. Qualified experts in health physics, radiol ogical physics, or
radi ati on shielding are ones who have been certified by nationally
accepted testing boards or who have equival ent conmpetence. Further
information on the availability of qualified radiol ogical safety
consul tants nmay be obtained fromyour local university or hospitals.
Nanmes of individuals having relevant certification nmay be obtai ned
fromthe American Board of Health Physics, the American Board of
Radi ol ogy, or the American Board of Industrial Hygiene.

e. The coordi nation between the radiol ogi cal safety consultant
and the installation nmust be affected sufficiently far in advance to
assure adequate tinme for review and approval of the facility/operation
by HQ AMC. Proposals for review and approval should be forwarded to
HQ AMC, ATTN. AMCSF- P

f. The type of information required for review and approva
of radiol ogical operations which could produce radiation in excess of
1000 millirem per hour will include--

(1) Manufacturer's brochures and draw ngs whi ch describe the
specifications and characteristics of the device: maximm out put,
i nherent shiel ding, geonmetry of the source, etc.

(2) Expected workload of the device, especially if the
operation time will be limted by other operations, e.g., input tine
of material to be processed, necessary recharging or servicing tinme,
etc. Future operational workload should be considered for shielding
pur poses.

(3) A line diagramof the roomin which the equipnment will be
used, relationship of this roomor operational area to other portions
of the building, and activities above and bel ow t he operational area
must be included. Include a plot plan which describes operations
outside the primary building to a mni mum di stance of 1000 feet.

(4) Expected radiation levels both in the operational area,
and nonoccupational areas of the room building as well as radiation
| evel s which may be rel eased outside the buil ding and cal cul ati ons by
whi ch these radiation | evels were obtai ned, should be included.

(5) Recomendations subnmitted by the qualified expert in
radi ol ogi cal safety (which will facilitate review and approval), e.g.
use of fail-safe interlocks system area nonitoring system warning
lights and signals, shielding of roompenetrations.

g. The review and approval by HQ AMC, nust be obtained prior to

the 60 percent design review. Draft architectural drawings will be
submitted for approval
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h. The above revi ew and approval process for radiol ogica

operations/facilities will require an entirely separate subni ssion
than the one required by paragraph 5-27 for explosive safety site plan
appr oval

i. Ensure radiological facilities/operations have provided for
proper environmental disposal of hazardous/toxic materials per
AR 200- 1.

j. Ensure that new facility/operation or nodification of

exi sting operations has been assessed for environnental consequences
per AR 200-2
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CHAPTER 6

ELECTRI CAL EQUI PMENT AND W RI NG

6-1. National Electrical Code (NECQ. a. |In certain cases, such as
those occupanci es invol ving expl osives, it may be necessary to exceed
the requirenents of the NEC. Electrical installations shall also
comply with the requirenments of this regulation

b. The National Electrical Safety Code, ANSI C2, nmay be used to
suppl enent the NEC and this regul ation.

6-2. Approval Authority. Approval of HQ AMC, AMCSF, shall be secured
prior to placing in service any electrical equipnent not specifically
| abel ed for the purpose or for the conditions of operation intended by
a recogni zed testing agency, or nmanufactured or installed to neet the
electrical classification of the area in which the equipnment is to be
operated when the area classification is determ ned per this chapter

A certification of electrical safety by a qualified Governnment

saf ety engi neer based on a hazard analysis will be accepted in |lieu of
approval by a recogni zed testing agency if equi pnent approved by such
an agency is unavailable, and if the certification and analysis are
mai nt ai ned at the responsible major subordi nate command until the

equi prrent is withdrawn from service.

6-3. Definitions of Hazardous (Classified) Locations. a.
Hazardous (classified) locations are defined in article 500 of

the NEC. However, sone expl osives and propellants are not covered.
In the past, area classifications were based on anal ogies to the
conmon i ndustrial substances referenced on the NEC cl assifications.
The cl assification assigned to expl osive operating areas was often
class I, group C and/or D; class Il, groups E, F, and G division 1
In many instances, this is a conservative rating; in others, it is
insufficient to provide the desired degree of safety.

b. For AMC installations, the foll owi ng subparagraphs define the
m ni mum requi renents to be applied in the classification of areas in
whi ch expl osi ves, pyrotechnics or propellants are, or are expected to
be, present. These requirenments will be foll owed unless |ess
stringent classifications are justified and approved as a part of the
site plan/safety subm ssion process.

(1) Were flammbl e/ conbusti bl e gases will be present,
| ocations will be classified as class |I locations if either a
division 1 or division 2 situation can exist. Mst comonly utilized
gases and vapor-enitting sol vents have been classified according to
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the NEC. See references ¢ and d of paragraph 6-17. Recognize that a
division 2 hazardous location normally exists in the vicinity of a
division 1 hazardous | ocation

(2) Where explosives, propellant, or pyrotechnic dusts
will be present, locations will be classified as class Il locations if
a division 1 or division 2 condition can exist. Few expl osives,
pyrotechni cs, or propellants have been classified per the NEC,
therefore, either of two nmeans of classification nust be used--

(a) The nore desirabl e approach is to use the nmethods and
equi prrent of reference h together with nore general gui dance from
ref erence c.

(b) Area classification by analogy with previously
classified materials is |l ess desirable but can be acconplished with a
degree of accuracy if care is exercised, as increasing nunbers of
subst ances have been classified. Wth the publication of the 1981
Edition of the NEC, classification of groups within class Il is based
on the resistivity of the dusts involved. Reference f provides the
basis for this change to the NEC, as well as recommended NEC
classifications of many dusts.

(3) Sone applications nay represent dual hazards and will,
therefore, require dual classification

(4) In locations where exposed expl osives, pyrotechnics or
propellants will be present, the permanent facility wiring (i.e.
lighting and power) will, as a mninum neet the NEC requirenents for
class | and |II, as appropriate, division 2 and the appropriate
group(s). Wring fromthe pernanent facility wiring to process
equi prent itself should be rated for the actual environnent, including
ordi nary (nonhazard rated) when it can be denonstrated that a class |
or Il hazardous | ocation does not exist. In design of process
equi pnent, it nust be renenbered that a micro-environnent can exi st
within the equi pnent that would dictate hazard-rated wiring or the
exclusion of electrical power. The rationale for these requirements

1 S--

(a) To maintain maximum long-termflexibility of use
for facilities, wiring should be installed consistent with the
nmost hazardous environnent likely to be encountered in nultiple
uses over the lifetime of the facility.

(b) Wring and equi prent used for ordinary |ocations
shal | not be used for |ocations where exposed energetic naterials
are present, even if a hazardous | ocation per NEC definitions
does not exist, due to the possibility of ignition sources
ari sing from physical damage (i.e., crushing by a forklift truck)
or electrical overload or short circuit.
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c. Table 6-1 contains a listing of typical hazardous

(classified)

locations and their corresponding NEC classifications.

The

entries in this listing are examples only, and are not to be used in lieu of
analysis of the specific hazards of individual situations.

Pressed HE billet inspection-no measurable* Ordinary_hazard (&ermanent wiring and lighting - class Ii,
dusting of vapors. division 2, group G)

Magnesium or aluminum powder weighing,

mixing, blending, with or without other Class I, division 1, group E

ingredients present.

Cooling of melt-poured projectiles or mines - Ordinary hazard (permanent wiring and lighting - class |,
no measurable vapors. division 2, group G)

Screening or biending of dry, solid HE. Class I, division 1, group G

Cloth Bagged propellant handling - no Ordinary hazard (permanent wiring and lighting - class Il
measurable dusts. division 2, group G)

Machining HE - shavings, but no measurable Ordinary hazard (permanent wiring and lighting - class I,
dust or vapor. division 1, group G)

Component assembly area - no measurable Ordinary hazard (permanent wiring and lighting - class i,
dust or vapor.** division 2, group G)

g;%rr%g\;gdofDaon_}rr;’lgg;t(lggeg explosives in Ordinary hazard (permanent wiring and lighting -

* Measurable means measurement at the source of vapor or dust using standard
equipment. "No measurable” means 50 percent below the lower explosive limit for the substance

**In determining area classifications, it is necessary to consider abnormal modes of operation as
well as normal. Some situations may require the use of large volumes of flammable solvents

during rework (for example) that are not needed during production. Rework in this instance may
create a class | Hazardous location that does not exist during production.

Table 6-1. Typical Hazardous

(classified)
Corresponding NEC Classifications

Locations and Their
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6-4. Location of Electrical Equipnent. Through careful planning, it
is frequently possible to | ocate nuch of an electrical installation in
a | ess-hazardous or nonhazardous | ocation, thus reducing the anmount
and cost of special equipnent. In sone cases hazards may be reduced
or elimnated by encl osing them and providi ng adequate positive
pressure ventilation froma source of clean air, with effective

saf eguar ds agai nst ventilation failure (NFPA 496). Al so,
intrinsically safe equi pment and wiring (NFPA 493) nay be permitted in
any location for which it is approved. The above shall be considered
as primary requirenents. Electrical equiprment will be located in
potentially hazardous |l ocations only when it can be denobnstrated

that |ocation outside the area is inpracticable.

6-5. Tenperature Linmitations. Wen exposed expl osives, pyrotechnics,
or propellants are present, (regardless of area classification)

lights, notors, and other electrical devices that produce heat under
normal nodes of operation or failure nmust not have any surface exposed
to the expl osives, pyrotechnics, or propellants, which is capabl e of
reaching the | owest of the follow ng tenperatures:

a. Twenty five degrees Celsius (45 degrees Fahrenheit) |ess
than the dust layer or cloud ignition tenperatures of the naterial
i nvol ved, whichever is less. (Values to be determ ned through the use
of ref a-e, para 6-17.)

b. Twenty five degrees Celsius (45 degrees Fahrenheit) |ess than
the auto ignition tenperature of the material as determ ned by
differential thernal analysis.

c. Fifty degrees Celsius (90 degrees Fahrenheit) less than the
5-second expl osion tenmperature of the material involved, reference
AMC- P 706- 177.

6-6. Miintenance. a. The National Electrical Code requirenents

for the construction of equi pnent and for installation in hazardous

| ocati ons are based on safe performance under conditions of proper use
and mai ntenance. AMC establishments shall, therefore, exercise nore
than ordinary care with regard to mai ntenance of electrica
installations in hazardous | ocations.

b. Electrical equipnent and installations in hazardous |ocations
shal | be inspected and maintai ned periodically by qualified personnel
A witten record of the inspections and of the maintenance work
performed shall be kept.

c. Insofar as electrical safety is concerned, AMC installations
and activities will conply with requirenments of this regulation and be
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gui ded by provisions of TM 5-682, Facilities Engineering: Electrica
Facilities Safety.

6-7. Working "Live" or "Hot" Circuits. a. |In sone cases of
commercial practice, energized electrical |lines and equi pnent are

wor ked due to inconvenience to the consuner as a result of shutdowns.
In general, the inconveniences nust not be considered causes for
wor ki ng on energi zed el ectrical lines or equipnment at AMC
installations. |In cases of critical processes and operations where
al ternate power sources are not available, it nmay beconme necessary to
perform energency work on energized circuits (para 6-7b). Wen
energenci es do not exist, electrical |lines and equi prent nust be

di sconnected fromthe power source, properly grounded and proven to be
deenergi zed, as outlined bel ow, before work is perforned. Were
deenergi zed circuits are in close proximty to energized circuits,
rubber bl ankets or other suitable equi prent shall be used for
protection fromthe hot circuits.

b. Following is a list of "hot" circuit operations and
condi ti ons under which they may be performned:

(1) Wenever necessary, circuits at a potential of 30 volts or
| ess may be worked whil e energized.

(2) Electrical equipnment or devices may be tested or worked on
whi | e energi zed, provided the desired results cannot be acconplished
with them deenergi zed. In such cases, requirenments of paragraph 90,
TM 5-682 and the foll owing are applicable:

(a) Two persons nust be present at all tinmes while work is
bei ng perforned on energized circuits. The second person (CPR cert-
ified) will stand clear, ready to render assistance in case of
acci dent.

(b) Work on electrical equipnent or devices at a potential
of greater than 30 volts may be acconplished when deenergi zi ng the
circuits would result in serious interruptions of work. The
commandi ng officer or duly appointed representative such as the post
engi neer nust approve all "hot" work. Prior to the comrencenent of
any work involving energized |lines or equi pnent, an SOP shall be
devel oped and approved. The SOP shall contain a detail ed sequence of
operations, specific tools, and protective clothing and equi pnent
required.

c. Current rather than voltage is the nost inportant variable in
establishing the criterion for shock intensity. Three factors that
determne the severity of electrical shock are: (1) Quantity of
current flowi ng through the body; (2) path of current through the
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body; and (3) duration of tine that the current flows through the body. The
vol t age necessary to produce the fatal current is dependent upon the

resi stance of the body, contact conditions, and the path through the body,
(see table 6-2).

0-1 0-4 Perception

1-4 4-15 Surprise

4-21 15-80 Reflex action
21-40 80-160 Muscular inhibition
40-100 160-300 Respiratory block
Over 100 Over 300 Usually fatal

Tabl e 6-2. Probable Effects of Shock

d. Sufficient current passing through any part of the body will cause
severe burns and henorrhages. However, relatively small currents can be
lethal if the path includes a vital part of the body, such as the heart or
lungs. Thus, the nost dangerous path for the body to receive a shock is with
current flow between the left hand and the right hand, or between the left
hand and either foot.

6-8. Repairs. Unauthorized enpl oyees shall not make changes in, or tanmper
with electrical equipnent. Repairs and changes shall be made only by
qual i fied persons (TB 385-4). Where the equi pnent may have been exposed to
contam nati on from expl osives, the explosives nust be renopved or neutralized
(by the user) and certified per paragraph 16-14 before repairs are started.

6-9. Safety Switches. Electrical services to |ocations where explosives are
present should be so configured as to permt controlled interruption of power
to prevent the creation of a secondary hazard under emergency shut down
conditions and to ensure that energency response forces are protected.

6-10. Security Intrusion Detection Systems and Weapons Access Del ay Systens
for Magazines. a. Wiere these systens are to be

installed, they nust conply with DA PAM 385-64 and the provisions

of the NEC for the appropriate hazard class, division, and groups

determ ned on a case-hby-case basis for type of storage. In
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addition, these systems nust neet the sane requirenents as those
for permanent service to nmagazi nes, except that power need not be
di sconnect ed when personnel are not working in the nagazine.

b. A current record nmust be kept by the installation of the
desi gnated hazard cl ass of each nagazine in which these systens are
installed. Any change in the type of storage that would affect the
el ectrical hazard class of the magazi ne shall be approved by the
installation safety official

c. The intrusion system including any radio frequency
transmitter used to transmit intrusion signals to rennte stations,
shall not establish field intensities greater than 1 volt per neter
(peak) in magazines, the entrance and exit paths of these magazi nes,
and associ ated roads used for transporting munitions. This
specification assunes a mnimumtransmtter frequency of 100 MHZ. |f
the frequency is |less than 100 MHZ, the naxi mum al |l owable field
intensity nust be reduced proportionally with frequency, e.g., at 50
MHZ do not exceed 0.5 volt per neter, etc.

d. Wen configured as a system and operating in the worst case
performance node, all equiprment shall exhibit both inter-system and
intra-system el ectronmagnetic conpatibility. Tests shall be conducted
per ML STDS 461 and 462. El ectronmagnetic conpatibility guidance is
cont ai ned in Engi neering Desi gn Handbook, El ectronagnetic
Conpatibility, AMC-P 706-410

6-11. Permanent Service for Magazines. |n general, permanent
magazi ne lighting service is not considered favorably. |[|f pernanent
service is essential, the lighting systemshall conply with the
provi si ons DA PAM 385-64 and the NEC for the appropriate hazard cl ass,
determ ned on a case-by-case basis for the type of storage. In
addition, the service will be provided with a separate ground bonded
to the lightning protection systemor counterpoise. A disconnect
switch must be | ocated on the pole from which underground el ectrica
service is provided to the nagazine. |If electrical current is

provi ded by a portable generator, the generator nust be |ocated at

| east 50 feet fromthe nmagazine and nust use wiring rated for extra
hard usage in danp places. This service cord nmust be disconnected at
the magazi ne when personnel are not working in the namgazine.

6-12. Single-Phase Portable Equipnent. a. Single-phase electric
handt ool s and ot her singl e-phase portable electric equiprment, used in
ei ther hazardous or nonhazardous | ocations, shall be listed by the
Underwriters Laboratories or other recognized testing agency, and
(except for those protected by a |isted system of double insulation or
its equivalent) shall have all exposed noncurrent carrying netal parts
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grounded. Singl e-phase el ectrical equipnent such as fans,

typewiters, calculators, etc., which are portable in the sense that
they can be noved with a mninumof effort whenever necessary, require
groundi ng only when existing circunstances are such that |ack of
ground wi || endanger exposed personnel. Typewiters, calculators, and
sim lar single-phase office equipnment are al so exenpt fromthe

requi renent for approval by Underwriters' Laboratories or other

recogni zed testing agency. Were the equipnent is to be used in a

class I or class Il hazardous |ocation, the device shall be approved
for the specific hazard. Flexible cords supplying themshall be type
S hard service cord approved for portable heaters in danp places. In

nonhazardous areas that are danp, portable |lighting should not exceed
a maxi mum of 12 volts (battery lighting is preferable). Cords for

equi prent (except office equi pnent such as typewiters and
calculators) in ordinary and hazardous | ocations shall be three-wire
with the third wire, identified by green or other acceptable col ored
braid, acting as the ground wire for the exposed noncurrent carrying
metal part of the equipnment. In no case shall the white identified
neutral power conductor be used to ground exposed noncurrent carrying
metal parts of equipnent. Splices in flexible cords are not

permtted. Plugs shall be approved and shall be equipped with three
prongs with the third prong acting as the ground. Exposed noncurrent
carrying netallic parts of the plug shall be grounded. G ound fault
circuit interrupters, portable or fixed, should be provided and used
on grounded portabl e handtools when the handtools are not plugged

into the permanent wiring of a building/structure. Double-insulated
handtool s require neither the third (grounding) wire nor the
correspondi ng groundi ng prong. The flexible cord shall (1) be
connected to supply conductors in an approved manner; (2) be supported
by clanps or by other suitable nmeans in such a manner that there wll
be no tension on the terminal connections; and (3) have suitable seals
provi ded where the flexible cord enters boxes, fittings, or enclosures
of expl osi on-proof type.

b. Because of the necessity of safeguardi ng persons agai nst the
hazards of defective portable appliances, cords, and plugs, nore than
ordinary care shall be exercised with regard to their maintenance.
Portabl e tools and appliances, other than coffee pots, typewiters,
cal cul ators, |amps, and other typical office type equipnent, shall be
assi gned a nunmber and shall be inspected and, if necessary, tested by
a qualified individual on a regular schedule. The frequency of these
i nspections or tests shall be determ ned by the degree and severity of
service, and shall be sufficient to uncover any defects. A witten
record of the tests, defects found and repairs made shall be kept. It
i s reconmended that the mai ntenance inspections and tests be nade by
qual i fied personnel of the Electrical Departnent and that spot checks
of the equi pment agai nst the records be nade by a nenmber of the Safety
Staff.
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c. Enpl oyees about to use portable appliances should exam ne
them for obvious deficiencies in the appliances, the cords, and the
plugs. |If any deficiency is noted, the appliances shall not be used
but shall be returned to the Electrical Departnent for repairs.

d. If the establishment is not equipped with three-wire
receptacl es and plugs, two-wire devices may renmain in service until
the changeover is acconplished provided that three-wire flexible cords
are used and the third wire grounded by neans of a substantial battery
clanp attached to the third wire fastened to the grounded conduit
system or other satisfactory ground.

e. No single-phase portable appliance having a name plate rating
of more than 230 volts shall be pernitted.

6-13. Three-Phase Portable Equipnent. Tenporary hook-up of three-
phase portabl e equi pnent, such as notor driven portable conveyors,
shall follow all of the requirenments of paragraph 6-16, "Single-Phase
Port abl e Equi pment," except that the voltage may exceed 230 volts and
the flexible cords shall be four-wire (delta load) or five-wire (we

| oad) instead of three, with one being colored green and acting as the
noncurrent carrying wire for the exposed netal frame or parts.

6-14. Portable Engine-Drive Generators. a. Portable engine-driven
generators have proven satisfactory as a source of electric power.
When in use, the exposed noncurrent carrying netallic frame and parts
shal | be grounded.

b. \When generators are used for generating current to expl osives
magazi nes or operating facilities, the follow ng precautions shall be
t aken:

(1) The generating unit shall be placed at |east 50 feet
fromany explosives facility.

(2) The ground area between the generating unit and the
expl osives facility shall be clear of debris or other conbustible
mat eri al s.

(3) The flexible cord should be tenporarily supported fromthe
exterior of the explosives facility to the power supply in such a
position as to prevent trucks or personnel fromrunning over or
ot herwi se damagi ng the cabl es.

(4) Refueling shall conply with requirenments of paragraph

24-4. Suitable extinguishers will be kept ready for use during al
refueling operations.
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(5) The generating unit and the gasoline supply containers
shall be so located that spillage of gasoline would flow, by gravity,

away fromthe explosives facility. |f necessary, a trench shall be
built to prevent spilled gasoline fromreaching the expl osives
facility.

6-15. Electric Welding Units. AC welding nachines supplied from

a primary service shall neet the requirenents of paragraphs 6-16

and 6-17, "Single-Phase Portabl e Equi pnent" or "Three-Phase Portable
Equi pnent" dependi ng on whether single or three-phase current is
supplied fromthe primary sources.

6-16. Battery Operated Devices. Hearing aids, electric wist

wat ches, cal cul ators, and other battery operated devices; although |ow
vol tage, | ow current devices, cannot be considered intrinsically safe
as defined by NFPA 493, Intrinsically Safe Apparatus in Division |
Hazar dous Locations, without certification fromUnderwiters
Laboratories or Factory Mutual required for all other electrica

devi ces for use in hazardous (classified) |locations. Such devices
are, therefore, prohibited fromuse in areas classified as class | or
class Il, division | locations unless certification of their
acceptability is avail able.

6-17. References. a. National Electric Code, NFPA 70, |atest
edition, (aka ANSI 70).

b. National Electric Code Handbook, |atest edition, NFPA.
(Simlar handbooks are al so published by other than the NFPA and
are al so recomended.)

c. FElectrical Instruments in Hazardous Locations, 3rd Edition
E. C Magison, Instrunent Society of America, 67 Al exander Drive, PO
Box 12277, Research Triangle Park, North Carolina 27709. (This is an
excel l ent conmprehensive reference to area and material classification
expl osi ve fundanmental s and neans of hazard reduction as well as
various other related topics. It includes treatnment of Canadi an
British, and European hazardous | ocations requirenents.)

d. Fire Protection Handbook, NFPA, latest edition. (In addition
to being an excellent general safety/fire protection reference, it
al so provides a conprehensive listing of the physical and chem ca
properties of many dusts and gases. Although the listing specifically
contains no references to explosives, the information provided is
necessary for classification of areas either directly or by anal ogy.)

e. Handbook of Industrial Loss Prevention, Factory Mitua
System Factory Mitual Engi neering Corporation, published by McG aw
Hll. Latest edition. (An excellent general safety reference, it
contains one chapter on electrical equipnent in hazardous |ocations.)
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f. dassification of Conbustible Dusts per the National Electric
Code, National Materials Advisory Board, June 1980, Ascension Nunber
PB80- 195456. Avail able from Nati onal Technical Information Service
(NTIS). (This publication provides an NEC classification for the
extensive listing of dusts contained in 14th Editi on of the Nationa
Fire Protection Handbook, ref d. Also, included is a nethodol ogy for
classification of dusts. The nethod is based |largely on conductivity
and results in the vast mpjority of dusts falling into group G)

g. Matrix of Conbustion - Relevant Properties of Gases, Vapors,
and Sel ected Solids, National Materials Advisory Board, 1979. Report
PB- 294 250, available fromNTIS. (This report provides a listing of
chemi cal and physical properties of many materials. NEC
classifications are provided for nmobst. Some expl osives are included.)

h. Test Equipnent for Use in Deternmining C assification of
El ectrical Dusts, National Materials Advisory Board 1979, avail able
fromNTIS. As with ref f and g, also available from Nationa
Mat eri al s Advi sory Board, National Academy of Sciences,
2101 Constitution Avenue, NW Washi ngton, DC 20418. (This report
contains a description of test methods and equi pnent for classifying
dusts according to the NEC. This information is al so useful for area
classification.)
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CHAPTER 7

STATI C ELECTRICI TY

7-1. Ceneral. The generation of static electricity is not in itself
a hazard. The hazard arises when static is allowed to accumnul ate,
subsequently discharging as a spark across an air gap in the presence
of highly flammuable material, and thus providing a source of ignition
NFPA 77 is a useful reference for static electricity and rel ated
phenonmenon. Additional requirenments appear DA PAM 385-64, Chapter 6.

7-2. Gounding of Equipnent. Permanent equipnent in contact with
conductive floors or table tops is not considered to be adequately
grounded. Static grounds can be made to ground cones, buried copper
pl ates, driven ground rods, or to down conductors of |ightning
protection systens. Bond wires and ground wires shoul d have adequate
capacity to carry the largest currents that are anticipated (#10 AWG
is a reasonabl e conproni se between current carrying capacity, physica
strength, and cost). Flexible conductors will be used for bonds that
are frequently connected and di sconnect ed.

7-3. Belts. a. Conductive conveyor belts shall have a resistance
not to exceed 1 megohm (1 million ohns) as neasured between two

el ectrodes placed on the belt and between the conductive conveyor belt
and the ground. Conductive conveyor belting shall be tested at the
time of installation and at |east sem annually thereafter. In areas
exposed to large variances in relative humdity, additiona

measur enents shall be made during tinmes of lowest relative humdity to
check the adequacy of belt conductivity. The results of the tests
shal | be recorded and nai nt ai ned.

b. Met hod of test.

(1) The building shall be clean and dry, and the room shall be
free of flanmable gas m xtures, explosive dust, and expl osives.

(2) Each electrode shall weigh 5 pounds, shall have a flat dry
circular contact area 2 1/2 inches in diameter, and shall have a
surface of alum numor tinfoil 0.0005 to 0.001-inch thick backed by a
| ayer of 1/4 inch thick rubber that nmeasures between 40 and 60
duroneter hardness as determ ned by a shore type duroneter

(3) Resistance shall be neasured with a suitably calibrated
ohm neter which shall operate on a nom nal open circuit voltage of 50-
0 volts DC, or a short circuit current of 2.5 mllianperes, and shal
have an effective internal resistance of 2 million ohmns.
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(4) Both electrode-to-electrode and el ectrode-to-ground
measur enents shall be made at five or nore |ocations on the belt and
the results averaged. The average shall be below the units specified
and no val ues shall be greater than 5 negohns. Wen the resistance to
ground i s neasured, two neasurenents shall be taken at each point wth
the test | eads interchanged at the instrument between nmeasurenents.
The average of the two nmeasurenents shall be used as a resistance to
ground at that location. All readings shall be taken with the
el ectrodes at |east 3 feet fromany ground conductor (except when
space precludes). |If the resistance changes during the neasurenents,
the val ue observed after the voltage has been applied for 5 seconds
shal | be considered as the measured val ue.

7-4. Testing Equi pnment G ounds. G ounding systens shall be tested
for electrical resistance and continuity when installation has been
conpl eted; before equipnent is returned to service foll ow ng any
repairs; before equipnment is used after an incident which can be
reasonably suspected to have caused danage to power (electrical)
systens in the equipnment; at intervals not to exceed 6 nonths, except
that cord sets and receptacles which are fixed and not exposed to
damage shall be tested at intervals not exceeding 6 nmonths. Tests
will be recorded and will identify itens tested, date of |ast test,
test equi prent used, and date of last calibration. The ground system
shall be visually inspected (prior to reactivation of the systen) if
the equi prent has been inactive for nmore than 1 nmonth and tested if

i nactive nore than 6 nonths. All exposed expl osive or hazardous
materials shall be removed prior to making tests. Conplete records of
all AMC-R 385-100 tests shall be kept. 1In testing for resistance to
ground, equi prent shoul d be considered as a unit except in the

case of a belt-driven nachine. |In nmeasuring the total resistance

to ground for belt-driven machinery to assure conpliance with

par agr aph a bel ow, resistance of the belting is to be excl uded.

The maxi mumresi stance to ground permtted for different types of
equi pnent is as foll ows:

a. Hazardous | ocations (operations where a static spark
di scharge may be dangerous). All conductive parts of equi prment shal
be grounded so that resistance does not exceed 25 ohms. For existing
equi prent, the rate of static generation should be considered before
changes in grounding systens are made. The resistance of conductive
rubber hose shoul d not exceed 250, 000 ohms.

b. Nonhazardous | ocations. Nonelectrical equipnent in
nonhazar dous | ocati ons need not be grounded unless for static
di ssi pation, but should be grounded as part of the Iightning
protection system when such systemis installed. For interconnection
of nmetallic nmasses, the standards set forth in "Lighting Protection
Codes, " NFPA Standard No. 78 applies.
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7-5. Conductive Floor Tests. |Initial tests shall be made of al
conductive floors and subsequent tests shall be nade at | east

sem annual ly. The test results shall be permanently recorded and
filed in a single location. Instruments used in making tests shall be
used only when the roomis free from exposed expl osives and fl amabl e
gas m xtures.

a. Maximum fl oor resistance shall be neasured with a suitably
calibrated ohmeter, which nay operate on a normal open-circuit output
vol tage of 500 volts direct current and a short circuit current of 2.5
mllianmperes with an effective internal resistance of approximtely 2
mllion ohms. Mninmumfloor resistance will be measured with a
sui tably calibrated ohnmreter appropriate for the task.

b. Each electrode shall weigh 5 pounds and shall have a dry,
flat, circular contact area 2 1/2 inches in dianmeter, which shal
conprise of a surface of alumnumor tin foil 0.0005 to 0.001 inch
thick, backed by a layer of rubber 1/4 inch thick and neasuring
bet ween 40 and 60 duroneter hardness as determined with ashore type A
dur onet er.

c. The floor shall be clean and dry, "electrode jelly" such
as brushl ess shaving soap or saline solution shall not be used.

d. The resistance of the floor shall be nore than 5,000 ohns in
areas with 110 volts service, nore than 10,000 ohnms in areas with 220
volts service and less than 1 million ohnms in all areas as neasured
bet ween a permanent ground connection and an el ectrode placed at any
point on the floor and al so as neasured between two el ectrodes pl aced
3 feet apart at any point on the floor. Measurenents shall be nmade at
five or nore locations in each room |f the resistance changes
appreciably with tine during a measurenent, the val ue observed after
the vol tage has been applied for about 5 seconds shall be considered
to be the measured value. An alternative to 5,000 ohns and 10, 000
ohns resistance is the installation of Gound Fault G rcuit
Interrupters (GFCl) in the main electrical panel for circuits
servicing the area where conductive floors are utilized. For table
tops, mats, and netal objects/equi prent grounded per paragraph 8-19, a
GFCl shall be installed in the main electrical panel servicing the
area. Installation of GFCl shall conformto paragraph 6-1

e. The operation and nmai ntenance of test instruments shall be
entrusted to conpetent personnel
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CHAPTER 8
| NDUSTRI AL SAFETY OSHA
8-1. Safety Standards. a. Al facilities, equipnent and operations

will conply with OSHA standards, or the provisions of this regulation
whi chever is nore restrictive.

b. Each safety office shall nmmintain an up-to-date library
of safety standards and references. It shall include regulatory,
and shoul d include nonregul atory standards for reference
pur poses.

c. Appropriate local standards for safe practices, persona
protective equi pnent, machi ne guardi ng, process hazard eval uation
etc., may be devel oped, approved by the | ocal commander and adopt ed.
Upon adoption, the standards should be circulated to appropriate
el ements of the activity. Al local safety standards nust conply with
the requirenents of OSHA standards, or be consistent therewith per AR
385-10 and the AMC suppl enent thereto.

d. Publications of the National Safety Council are acceptable as
guides in the fornmul ation of |ocal safety standards, insofar as they
do not conflict with the requirenments of this regulation or other Arny
or AMC regul ati ons.

e. Reference to 29 CFR 1910 pertains to the OSHA General Industry
St andar ds.

f. Reference to 29 CFR 1926 pertains to the OSHA Construction
St andar ds.

8-2. Safety Review of Operations and Procedures. a. Prior to

conpl etion of plans for construction of new facilities, najor

nmodi fications to facilities, purchase of high dollar value process
equi prrent, inplenmentation of new projects or operations, nodification
of operational concepts, or sinmilar process changes within the

compl ex, proposals will be coordinated with the installation safety
of fice and other appropriate organizations to provide for a conplete
hazard anal ysis and safety eval uation of the proposal. This

coordi nation nust be effected sufficiently far in advance of taking
action to assure adequate tinme is allowed for the necessary study and
review. Such coordination will provide requisite safety input at a
point in time where changes necessary froma safety vi ewpoi nt can be
made with the | east nanpower and dol |l ar cost.
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b. Experience has shown that proper preplanning of facilities
and operations will significantly reduce the accident potential, while
increasing the efficiency of operations. O basic concern during
hazard anal yses and safety evaluations will be both the physical
aspects of the operation and the personnel who will be part of the
operation. Typical points of review wll include--

(1) Consideration of the type and intensity of lighting
required.

(2) Layout of equipnent within the area.
(3) Flow of materials through the process.

(4) The type and extent of materials handling and materials
handl i ng equi pnent required.

(5) The placenent of equiprment and controls in relation to the
positions which personnel will be required to occupy.

(6) The presence of materials or equipnment that represent a
hi gh hazard potenti al .

(7) Changes in the work environment which may have a bearing
upon the safety of personnel.

(8) Review of SOPs.

8-3. Mterials Handling. a. Production nethods involving materials
handl i ng shoul d be studied as a specific phase of the safety program
for determ ning unsafe nmethods and for pronoting greater safety.
Moverrent of materials should be continuous to produce greatest
efficiency and to avoid congestion by accunul ation at machines and in
ot her working spaces. Procedures should be in conformty with the
foll owi ng basic rules:

(1) Keep material noving uniformy through the process steps.
(2) Mnimze unnecessary rehandling.

(3) Elimnate heavy manual |ifting.

(4) Reduce transport distance wherever possible.

(5) Provide special handling equipnment, such as conveyors,
forklift trucks, etc., where practicable.
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b. Materials should be delivered to each succeedi ng operation in
units of proper size. Generally, materials should be supplied and
finished parts rempved at frequent intervals to elimnate congestion
bl ocki ng of aisles, and attendant hazards. The materials should be
brought to each operation by conveyors, platformskids, etc., at the
same height they will be used so that unnecessary manual or mechanica
lifting or handling will be avoided. Equipnment for handling materials
shoul d be designed to accompdate the size and type of materials being
moved. Wiere material is handl ed manually, every effort should be
made to elimnate the necessity for lifting, pulling, pushing, or
rolling loads. |If manual lifting cannot be elini nated through
engi neering, personnel must be instructed on correct lifting
procedures. Detailed information regardi ng standard storage
procedures may be found in TM 743-200-1, Storage and Materials
Handl i ng; DOD 4145.19-R-1, Storage and Materials handling 29 CFR
1910. 178.

8-4. Loading Docks. a. Anple space at |oading and unl oadi ng docks
shoul d be provided off the travel ed roadways to pernit efficient
operation w thout hampering the flow of traffic. Adequate bunper
rails should be installed parallel to | oadi ng docks at distances which
permt trucks and trailers to back in without striking the dock
Trailer or truck wheels nust be chocked, the engine turned off, and
the parking brake set when materials handling equiprment is working in
and out of these conveyances.

b. Dock plates of proper design should be provided to conpensate
for horizontal and vertical differences between truck bodi es and edge
of the | oading dock. Loading docks should be high enough to pernit
the placing of dock plates as nearly as possible in a horizonta
pl ane. Dock plates shall be fastened securely to prevent displacenent
while in use. Brackets or other lifting devices should be provided to
all ow for the safe use of mechanical handling equipnment in the
pl acement of dock plates. Well-constructed skids, kept in good
repair, should be carried in trucks or provided at points where they
wi |l be needed. Consideration should be given to the design
construction and use of special aids in |oading and unl oadi ng
operations to | essen inherent handling hazards.

c. Refer to 29 CFR 1910.30, for additional information

8-5. Cranes. a. Operation. Cranes shall be operated only by

aut hori zed crane operators whose physical fitness for the job has been
certified by the nedical officer. The operator shall be governed in
hi s/ her noverment of material by a uniformcode of signals such as
American National Standards Institute (ANSI) standard code for cranes,
derricks, and hoists. Al |oads should be Iifted vertically and side
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pul I s avoi ded. When necessary to guide the | oad, guy lines should be
used. Gantry cranes must not be operated while workers are present on
tracks unl ess bunpers have been placed between the crane and the
workers. Before |leaving the crane, the operator shall see that al
hooks are clear of all noving objects below. Before lifting any
unusual | oads, the safety director shall be notified and his/her
approval shall be secured.

b. Specifications. The control board and all exposed w ring and
swi tches should be guarded. Access |adders for electrically-driven
over head cranes should be | ocated so that the operator does not pass
within reach of electrical conductors while approaching the controls
of the crane. Were needed, an adequate rope | adder or other suitable
devi ce shoul d be provided for the escape of the operator in an
energency. Traveling cranes shoul d be equi pped with a signal warning
device to be sounded intermttently while the crane is in notion.

They shall al so have a positive stop in the runways to prevent the
crane fromgoing off the end. Loconotive cranes and derricks should
be equi pped with effective outriggers and rail clanps.

c. Special hazards. Electrical cranes shall not be used where
fl ammabl e dust or vapor is present in sufficient quantities to
constitute a fire or explosion hazard.

d. Inspection and testing. Safety inspection and testing shal
be per TB 43-0142, Safety Inspection and Testing of Lifting Devices;
29 CFR 1910.178, ANSI/ASME B56. 1, regardi ng dock boards and bridge
pl at es.

8-6. Hoists. a. This paragraph includes nanually-operated and
power - oper at ed hoi sts comonly call ed chain hoists, air hoists, and
portable floor cranes. Al such equipnent shall be inspected for
determ nati on of hazards incident to its use and appropriate safety
control neasures shall be instituted. |Inspection and testing will be
per TB 43-0142 and 29 CFR 1910. 179.

b. On electric and air hoists, a lint stop should be provided
to prevent the hoist block fromover-travel in case the operating
handle is not released in tine. A spreader should be used to separate
control ropes, each of which should be nmarked; sound practice
i ndi cates that handl es of different contour should be provided on each
rope to avoid mistakes in operating direction. Hoists nounted on
monorail or tranrail systems should not be used to Iift or nove a
heavy object by a side pull since it may spread or break the trolley
frame or | oosen supports. Stops should be provided at all sw tches
and turnouts on nonorail systens to prevent the trolley fromrunning
off if the switch is left in the open position. Load capacity shal
be plainly marked on each piece of equipnent. Safety |atches should
be provided on hooks.
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c. Electric hoists shall not be used where flammabl e dust or
vapor is present in sufficient quantities to constitute a fire or
expl osi on hazard.

8-7. Elevators. The carrying capacity of the elevator shall be
posted at all entrances to the elevator and in the el evator.

El evators, unless of the automatic type, shall be operated by only
qual i fied personnel. Elevators nust be equipped with safety catches,
automatic limt stops, and emergency exits. The access openi ngs mnust
be guarded securely by approved gates or doors. Gates or doors nust
be arranged so that the el evator cannot be started until the gate or
door to the el evator has been closed. Elevator shafts and al

el evator equi pnent shoul d be inspected annually by a qualified agency.
Unl ess specifically designed for passenger service, personnel shal

not be permtted to ride in elevators. Carrying lighted materials of
any kind shall not be permtted in elevators. For further information
refer to latest version of ANSI/ASME Al7.1; ANSI/ASME Al7.2; ANSI/ASME
Al7. 3.

8-8. Chains. a. Usage. Wought iron or "crane chain" is an
acceptabl e type of chain for slings, hoists, cranes, steam shovels,
and marine purposes. The iron nmust be free fromiron scrap, stee
scrap, and should be lap welded for strength. Alloy steel chainis

al so acceptable for use in slings and hoists (see ASME B30). Chains
shall be used only for loads within their rated strength. Normalizing
or anneal ing shoul d be done as reconmmended by the nmanufacturer of the
chain. The manufacturer should be inforned as to the use of the chain
and, if normalizing or annealing is recomended, the intervals and
procedures shoul d be obtained. End fastenings on chains shall sustain
| oads up to the breaking strength of the chain. Shackles and pins
shoul d be of forged steel, preferably drop forging and wel dl ess
throughout. Pin shackles should be fitted and nmaintained with cotter
pins or safety pins of a positive |ocking type.

b. Inspection and repair. Inspection, and testing and
mai nt enance shall be per TB 43-0142; 29 CFR 1910.179; 29 CFR 1910. 184.
Al repairs to chains shall be nmade only by an experienced chain
person; it is preferred that chains be returned to the manufacturer
for repairs. Defective |inks or portions of chain shall be replaced
by links having proper dinensions and of material equal to that of the
ori gi nal chain.

8-9. Wre Rope. a. Use. Braided cable wire rope is preferable.
Wre rope shall be used for loads only within its rated capacity. It
shoul d be handled in such a way that it is neither tw sted nor
unt wi sted; kinks should be avoided. Wre rope should be kept well
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lubricated with the lubricant approved by the nmanufacturer of the
rope. Eye splices shall be nade in an approved manner by an
experienced splicer and thinbles should be used in them except in
slings, where the use of the thinbles is optional. After the

equi pnent has been in operation for an hour after the initial
installation, all nuts on the clip bolts shall be tightened, and they
shoul d be checked for tightness at frequent intervals thereafter
Fabrication of wire rope slings shall be per ASME B30. Socketing
shoul d be done with zinc (spelter) in the manner specified by the
manuf acturer. Wre rope should be stored off the ground, in a dry,
protected place, free fromany exposure to acids, alkalies and their
vapors. The storage place should not be pernmtted to becone so hot as
to injure the henp core in fiber core ropes.

b. Inspection. Special attention should be given to the end
fastenings. Rope should be exam ned frequently at socket fittings and
upon the devel opnent of one broken wire adjacent to this point, the
rope shoul d be resocketed. Portions of rope subject to reverse bends
and use over snall sheaves or drunms should al so receive close
attention. Wre ropes shall be replaced, and the ol d one destroyed or
di sposed of, when the wear, the nunmber of broken wires in a lay, or
corrosion has reached a point which indicates an unsafe condition
When corrosion is present, the remaining strength of the wire rope
cannot be calculated with safety. Corrosion can be controlled by
proper and suitable lubrication. Refer to ASME B30 and 29 CFR
1910. 184 for further detailed information.

8-10. _Natural Fiber Rope. a. Ropes should be thoroughly cleaned and
stored in a dry, well-ventilated place free fromany exposure to

aci ds, acid vapors, or strong al kalies, and they should not be used
where they are exposed to these nmaterials. Ropes should be kept away
fromradi ators, steam pipes or other sources of heat. Small ropes
shoul d be hung in |l oose coils and | arge ropes coiled on gratings
raised fromthe floor. Wile in use, rope should be kept free from
grit and should not be dragged on the ground. Fiber rope should be
protected from abrasion by padding when it is fastened or drawn over
sharp or rough surfaces. Fiber rope should be handled in such a
manner that it is neither tw sted nor untwi sted. Kinks should be
avoi ded. Wien uniting two rope ends for permanent use, for ring
fastening or for fastening around a block or thinble, splices should
be nmade only by an experienced rope splicer. Fiber ropes shall be
used only for loads within their rated capacity.

b. Inspection and testing shall be per TB 43-0142; ASME B30
and 29 CFR 1910. 184.
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8-11. Synthetic Fiber Rope. Information regarding safe working
limts for synthetic fiber ropes nay be obtained fromeither the
manuf acturer of the item or standard engi neering reference books.
Safe working limts for slings and other devices fabricated of
synthetic fibers nust be obtained fromthe nanufacturer
Inspection and testing shall be per TB 43-0142; ASME B30, and 29
CFR 1910. 184.

8-12. Slings. Slings should always be used at as small an angle

as possi ble since increasing the angle between the I eg of the sling
and the vertical greatly increases the stress in each leg. This angle
shoul d never be greater than 45 degrees. Wen a nultiple leg sling is
used, the sling should be so arranged that the strain can equalize
itself among the | egs. Hooks on slings should be of the safety type
and designed to lift the | oad without over straining any part of the
hook. When plates are hoi sted, they should be held by properly
designed clans that hold firmy under | oad. Wen hoisting | oads which
require sharp bends of the sling over unyielding surfaces or over
sharp corners, suitable corner pads should be used. Rope slings shal
not be used where the rope is subjected to high tenperature, strong

al kal i es, corrosive vapor or exposed to rough edges which will have
the tendency to sever the strands. Refer to TB 43-0142; ASME B30; 29
CFR 1910. 184 for further information.

8-13. Conveyors. a. General. The use of conveyors is a desirable
met hod of noving materials under nost conditions provided certain
basi ¢ precautions are observed. Crossover wal ks for enpl oyees shoul d
be constructed at reasonable intervals. Crossover wal ks, however,
shoul d not be considered an acceptabl e nethod for providing access to
an exit froma building which constitutes a severe fire or explosion
exposure. Conveyors should not be placed between an operator and

hi s/ her nearest exit. Conveyors installed flush with the floor should
be guarded except at the |oadi ng and unl oadi ng points to prevent

wor kmen from st eppi ng on the noving conveyor. Wrking conditions
shoul d be arranged so that enployees will not be required to stand on
the supports of supporting frames to unload or |oad materials. Cuards
shoul d be installed at corners or turns where nmaterial is nost likely
to fall; when handling explosive materials, this requirement is
mandatory. Refer to ANSI B20.1-1990 for further information

b. Gavity conveyors. |n addition to the above requirenents,
all sections of gravity roller conveyors should be equi pped with sone
type of positive | ocking device to prevent them from worki ng apart
during operations. Supports should be sufficiently substantial to
gi ve solid support under operating conditions. Supports of the horse
type with an adjustable horizontal menber allow ng variation of the
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el evation of the conveyors, or the three di nensional block type
supports have proved successful. Boxes should not be used as supports
unl ess they are safe fromoverturning and are securely tied together
when nore than one is to be used. Containers of hazardous materials
shal | not be used as conveyor supports. Conveyor sections and
supports should be frequently inspected for unsafe conditions.

c. Mechani cal conveyors. Mechanical conveyors are usually safer
than ot her nethods for nmoving materials. However, certain precautions
in addition to those outlined above are necessary. Devices for
stoppi ng the conveyor should be |ocated at | oadi ng and unl oadi ng
stations, at drives and take-up ends, and at other reasonable
intervals along the conveyor. Emergency sw tches should be installed
wi thin easy reach of enployees at points where their activities cannot
be readily seen by supervisor or other enployees. Mechanical guards
shoul d be installed around the driving nechani smand where belts
travel around tail drums to prevent personnel from being caught in the
equi prent. Workers should not be permitted to renove nmaterial that
sticks to the tail druns or pulleys while they are in nmotion. Fixed
scrapers and revol ving brushes may be used to make it unnecessary to
performthis operation by hand. Practical guards should be installed
where necessary when chain belts are used, particularly when equi pped
wi th prongs, |ugs, hooks, buckets, or scrapers. Conveyors running in
pits or tunnels should have anple cl earance and shoul d be guarded to
prevent enpl oyees form being caught. Were conveyors pass from one
floor to another, the openings should be closed by railings and toe
boards. Screw conveyor troughs should be covered with renpvabl e
covers and no attenpt shall be nade to dislodge jamed materi al
wi thout first shutting off the power. Charging openings to screw
conveyors should be covered with a grating, or the opening boxed or
railed-in to prevent workers fromstepping into them Al power
conveyors shall be electrically grounded. Conveyors running into
chutes that are encl osed should have a sinple nechanically or
electrically operated warning device to caution that material is
about to be delivered fromthe chute.

8-14. Internediate Storage. The termintermedi ate storage
refers to the tenporary storage of materials at machi nes, work
benches, and ot her process throughout the establishnent. The

i ntermedi ate storage areas should be clearly defined. Material
stored should be piled to prevent collapse or tilting and piles
shoul d be orderly with the materials to be used first, on top
Wher ever possible, materials should be brought to the operation
and left in storage at the working level. Stocks at operations
shoul d be pl aced to provi de adequate work space, a m ni mum of
turning away fromthe point of operation, and to | essen any
interference which directly or indirectly could cause an acci dent.
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8-15. Manual Handling. Personnel should be instructed that
observance of the follow ng basic principles will assist in reducing
acci dent s:

a. Lifting shall be with the knees bent and the back straight in
order that the thigh rmuscles may assune the greater portion of the
load. |If the object to be lifted is too awkward or too heavy to be
handl ed in this position, additional help shall be obtained to nove
the load. Lifts shall be made vertically and close to the body. Side
lifts or off-balance lifts frequently result in nuscle strains.

b. Loads which obstruct vision shall not be carried.

c. Steel-toe shoes or other approved type foot protection
meeting appropriate ANSI standards should be worn by all enpl oyees
engaged in material handling operations designated as hazardous to
feet or toes of enpl oyees.

d. doves, aprons, and other itens of personal protective
equi prrent shall be worn when handling materials which are sharp
abrasive, corrosive, or which mght splinter.

8-16. Handtools. a. Prevention of accidents involving handtools is
largely a matter of proper instruction and training of enployees and
mai ntaining the tools in safe working condition. Handtools, as herein
consi dered, are sufficiently light in weight to be carried by hand,
and i ncl ude novabl e tools of hand notive power and nechani cal and

el ectrical tools which when in use are carried and held by a person
Handt ool s shoul d be made of good quality material and shoul d be
appropriate for the job at hand. Hand tools should be kept in good
repair and they should be tenpered, dressed, or repaired only by
qual i fied persons. Racks, shelves, or tool boxes should be provided
for tools not in use to assure inmmedi ate availability and elimnate
the hazards created by msplaced and forgotten tools. Wen tools are
used on | adders, scaffolds, platforns, or other el evations, special
precautions shoul d be taken to prevent their being dropped or

falling fromthese levels. Tools should be inspected frequently by
qual i fied enpl oyees. Defective tools should be renmoved from service
imedi ately to be repaired or discarded. Wen being carried by a
person, tools with sharp cutting edges or sharp points should be
carried in sheaths for the protection of the worker. Pipes or other

i mprovi sed extension handl es shoul d not be used on handt ool s.

Portabl e power tools should be equipped with guards which fully

encl ose nmoving parts. All electrical contacts on power tools shall be
encl osed and all exposed wiring shall be well insulated. Exposed non-
current-carrying netal parts of portable electric tool shall be
grounded. Sone power tools are constructed in such a manner (double
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i nsul ated) that grounding is not required. Such tools shall be so
identified. Wen the use of handtools generates injurious dusts,
portabl e exhaust systems should be provided. Portable electric tools
shal | be inspected annually by conpetent personnel (see paragraph
6-12). The use of ergonom cally designed handtools is recomended
whenever possible.

b. Hammers with highly tenpered steel head should not be used on
hard steel. Hamers with soft material heads securely fastened to
snmoot h handl es shoul d be used i nstead.

c. Heads of chisels, punches, nail sets, and other tools of the
same type shall be dressed frequently to keep themin safe working
condition. Wthout such attention, continued poundi ng causes
mushroom ng of the head to a dangerous degree. In this condition the
mat eri al becomes brittle, and with each bl ow of the hammer, fragnents
are likely to fly fromthe tool head with great velocity.

d. Handles of tools such as hammers, axes, picks, and sl edge
hamrers shall be replaced when broken, cracked, split, or badly
splintered. Heads shall be securely fastened by wedges and if the
heads can be drilled, a steel pin through the head and handle wil |
provi de greater safety.

e. Al files shall be equipped with suitable handl es and all
recut files shall be tested for fractures.

f. Small parts being repaired should be placed in a vise.
Many serious injuries have occurred as a result of holding an object
in one hand and a hand tool in the other while attenpting repairs,
particularly when screw drivers or other sharp pointed tools are being
used.

g. Knives and sinilar tools should be equi pped with disc-type
guards at the hilt to prevent the hand fromslipping onto the bl ade.

h. Electricians shall use nonnmetallic tools wherever possible.
Fi ber fuse pullers, foot rules without netal rims, cloth tapes w thout
wire reinforcenments, and insul ated handl es on those netal tools that
are necessary are essential to safety.

i. Only nonsparking tools shall be used in |ocations where
sparks may cause a fire or explosion
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8-17. Explosive Actuated Fastening Tools. a. The follow ng
precautions will be observed:

(1) Explosive actuated fastening tools shall not be
used i n expl osive atnbspheres or in other |ocations where nonsparki ng
tool s are required.

(2) Cartridges will not be carried in the operator's
pockets. Wbod, metal, or heavy cardboard containers with nmeans for
separation of individual cartridges should be provided for storage of
the working supply of cartridges. Cartridges should be accounted for
at the end of each workday or shift.

b. The I owest velocity explosive actuated fastening tools
practicabl e should be used. Refer to 29 CFR 1910. 241 through 29
CFR 1910. 243; and ANSI A10.3-1985 for additional information.

8-18. Machine Guarding. It is the responsibility of officials
procuring machi nes and equi pnent to ensure that they are guarded
per OSHA standards. Machines and equi prent specifications wll
be coordinated with the |local safety office. Inspection
procedures will ensure that incom ng machi nes and equi prent
conmply with the OSHA standards. Refer to 29 CFR 1910. 212 through
221; and 29 CFR 1910. 241 and 243 for additional infornation

8-19. Machine Operations. a. Ceneral. Safe practices at machine
operations shoul d be devel oped through job safety analysis. This
regul ati on makes no attenpt to cover all safe practices in detail, but

deals only with those applicable to general processes and to certain
specific nmachines that are comonly used or that require concentration
of effort on safe practices because of unusual exposure. Conplete
safe practices procedures which cover fully all accident possibilities
ari sing fromoperations shoul d be devel oped at each establishnent.
Refer to 29 CFR 1910.212 through 221; and 29 CFR 1910.241 and 243 for
addi tional information.

b. Training. Safe nmachine operation demands that the operator
be properly trained and instructed in safe practices before staring
work on the assigned nmachine. Cbservation of the new operator's work
shal |l be continued until the supervisor is fully satisfied that safe
practices are being followed. A regular checkup shall be made
thereafter to assure that safe nethods of operations are permanently
established. Only authorized enpl oyees shall operate machines.

c. Housekeeping. Good housekeeping is essential to safe
machi ne operation. Floors of work areas should be kept dry, clean
and free fromobstructions to ensure safe and secure footing. Spilled
oil, material, and the |ike that have been dropped on the floor shal
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be removed pronptly. A nonslip surface covering should be provided
for enployees to stand on while operating nmachines. Nonslip
characteristics nmust not be permtted to decrease because of
accunul ati ons of dust, dirt, oil, sweeping conpounds, or sawdust.
Good housekeepi ng at operations require the proper |ocation of
supplied stocks (see para 9-3).

d. Repairs and adjustnents. Before oiling, cleaning, or
adj usting machi nes, the machi nes shall be stopped, sw tches or
other controls shall be "locked out," and the nmachine shall be
tagged. Work of this type should be perfornmed only by qualified
personnel. A careful check shoul d be made before staring the
machi ne to determine that everyone is standing clear. The nachine
guards shall be replaced upon conpletion of repairs, adjustnments,
etc., and before switches or other controls are nade operative. The
design limtations of nachines nust be recognized and on repairs,
adj ustnents or nodification which mght cause these linits to be
exceeded, shall be nade (e.g., grinding nachines nust be equi pped with
abrasi ve wheel s which have been rated as suitable for use at speeds
equal to or greater than that of the nmachine). Refer to Lock CQut/Tag
Qut procedures contained in 29 CFR 1910. 137.

e. Stationary nachinery and equi pnent. Stationary nmachi nery and
equi pment shall be placed on a firmfoundati on and properly secured in
pl ace before bei ng operat ed.

8-20. Conpressed Air. Conpressed air presents one of the nost
serious hazards. |Its use for cleaning and drying purposes should be
permitted only when all other nethods have failed. Brushes and
vacuuns are preferred and shoul d be used whenever possible. Wen it
is necessary to use conpressed air for cleaning or drying, adequate
controls nust be provided to protect the user, adjacent operators and
casuals. Enclosures of adequate size to house novable itens to be

cl eaned by air should be used. These encl osures should have only one
si de open and shoul d have adequat e nechani cal exhaust ventilation
Each air hose shoul d be equipped with a nozzle or guard specifically
designed to release air pressure harm essly (when the nozzle is
directed against a restricting surface). |In addition, the foll ow ng
precautions nust be observed:

a. The mnimum anount of air pressure required to perform
the specific operations nust be used. Conpressed air used for
cleaning shall conply with OSHA 29 CFR 1910. 169, 1910.241, and
1910. 243.

b. Al users of conpressed air nust be provided with and
wear approved eye protection.
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c. The use of conpressed air for renoving foreign materia
fromthe hands, arms, or personal attire is prohibited.

d. "Horseplay" with conpressed air is prohibited.

8-21. Ginding Weels. a. GCeneral. The mgjority of grinding
wheel accidents are caused by using the wong wheel for the job,
carel ess handling, inproper mounting, excessive speed, or too
much pressure on the wheel. Failure to wear goggles has resulted
in many eye injuries. Weels shall be carefully inspected upon
recei pt and i mmedi ately before use; all cracked wheels shall be
rejected. Only conpetent mechanics shall be assigned to the
mounti ng, care, and inspection of wheels, per 29 CFR 1910. 213.
New wheel, newly nmounted, shall be run at full operating speed
for at least 1 mnute before being used. During this test, the
operator and ot her enployees shall stand clear or in a protected
area, to avoid injury should the wheel disintegrate as the result
of hidden defects. Weels shall never be run at speeds greater
than that for which they are designhed, since excessive speed can
cause a wheel to disintegrate. W rk nust not be forced against a
col d wheel, but should be applied gradually to give the whee

time to warmup. |If it is necessary to use the side of the whee
for grinding, it nust be watched for wear and be changed pronptly
when appreci ably worn. No sudden or heavy pressure should be
applied to the sides of wheels. Weels should be turned
regularly and tests for balance. Weels used in wet grinding
shoul d not be allowed to stand partly imersed in water as the
wat er - soaked portion may throw t he wheel out of bal ance.

b. Eye protection in grinding operations. Approved goggl es
shall be worn by all enployees on every grinding operation, and
in addition, protective eye shields should be nounted at each
machi ne. Portable or stationary screens should be erected at
grinders to prevent injury to persons working in or passing
through the vicinity.

8-22. Metal Wrking Presses. The |ayout of the press room or
the | ocation of any enployee in the departnent shoul d be
carefully considered froma safety viewpoint. Press operators
shoul d not be exposed at any tinme to the possibility of being
struck by passing trucks, tractors, or other nobile equipnrent,
and they should be free frominterference from supplied stocks
and finished products. Before a press operator starts work,

he/ she shall not place his/her hand under the ram unl ess the
machi ne control has been | ocked out and the ram bl ocked.

Conti nued sticking of the work in a die shall be reported to the
supervi sor or foreman. Maintenance, repair, and safe operation
will be per 29 CFR 1910.212 through 1910. 221.
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8-23. Cdrcular Saws. The sharpening and conditioning of saws shal

be done by an experienced mechani c who shoul d check regularly all saws
assigned to his/her care. R p saws shall have guides parallel to and
ext endi ng beyond the saw to keep work straight. Adjustments of the
guide while the saw is running are prohibited. Jigs and fixtures
shal |l be used on small pieces, especially on nmtre saws so that work
can be held at a safe distance fromthe saw. During operation of a
saw, the operator should watch for and pronptly report wavering of
overheating of the saw which indicates that the speed of the sawis
too great, the sawtoo thin, or that the stock is being fed too
rapidly. Operators should apply a steady pressure on work being
ripped to decrease the possibility of kickbacks. Hand-push sticks in
lieu of hand feeding should be used to push stocks. An operator
should stand to one side of the work and saw so that he/she will

not be in the path of a kickback. There shall be no reaching over the
saw to pick up finished material. The operator's hands shall be kept
out of line of travel of the saw and placed to the side and rear of
the material being sawed. Operators should be instructed concerning
the necessity of keeping alert all tines because fingers can be pushed
into the saw whil e feeding even though a hood guard is provided.

Addi tional information pertaining to operating and inspecting circular
saws is found in the latest edition of ANSI Standard 01.1, Safety Code
for Woodwor ki ng Machi nery, and 29 CFR 1910. 212 through 1910. 221
Brushes shoul d be used for cleaning off the table and the floor shoul d
be kept free from accunul ati on of sawdust and cuttings to ensure a
sound footing for enployees.

8-24. Radial Saws. Radial saws shall be operated only by assigned
personnel. Adjustments shall not be nade while the sawis running. A
stop or gauge shall be provided to prevent the saw fromtraveling
beyond the edge of the saw table. For installation, maintenance,
repair, and safe operation, refer to 29 CFR 1910.212 through 1910. 221

8-25. Band Saws. Tension should be rel eased fromthe bl ade when it
is not in use. Qualified nmechanics should check band saws regularly
to ensure they run true w thout excessive vibration. Band saw wheels
shoul d be tested at | east once a week to detect and repl ace wheel s
with cracks or | oose spokes. Band saws shoul d be kept sharp and
properly set. Each saw should be suitable for the work to be done
with it. Using a small saw for large work or forcing a wide saw on a
smal | radius should be prohibited. |f the operator finds that work
bi nds or pinches on the blade, he/she should never try to back the
work away fromthe blade while the sawis in notion. Band saws shal
not be stopped quickly by thrusting a piece of wood agai nst the
cutting edge or side inmedi ately after the power is shut down.
Qperators shoul d al ways adjust the guide to the thickness of stock
being cut. For further information refer to 29 CFR 1910. 212 through
1910. 221.
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8-26. Wbod Joiners. Only sharp and evenly bal anced kni ves shal

be used in the joiner cutting head. Machine bearings shall be checked
regularly to prevent vibration. Wen pieces shorter than 18 inches
are machi ned, a pusher block shall always be used. The operator
should try the joiner before using it to be certain that knives are
not set to make too heavy a cut which nay cause a kick-back. Chips or
dust shall not be renmpbved by hand; a brush should be used for that
purpose. For further information refer to 29 CFR 1910. 212 through
1910. 221.

8-27. Welding and Cutting. a. Probably the nost difficult hazard to
control in cutting and wel ding operations is that of sparks setting
fire to combustible materials in the vicinity of the operations.

Wher ever possible, cutting and wel ding shoul d be done in a
nonconbusti bl e | ocati on. Wen such operations are conducted away from
the shop, all conbustible materials, where practicable, should be
renoved fromthe site of the operation or, if practicable, the area
shoul d be wetted down thoroughly. Under any circunstances where
combusti bl es are present, personnel equipped with suitable fire

ext i ngui shing equi pnent, filter goggles, and protective equi pnent
shal | be stationed near the welder to extinguish sparks that may
ignite the operator's clothing or other conbustibles in the vicinity.
Because wel ding and cutting operations generate harnful gases, funes,
and dusts, adequate ventilation is essential. Local exhaust systens
shoul d be provided to reduce the hazard and where severe conditions
exi st, special respiratory equi pnent should be used by those exposed.
On all oxy-acetylene wel ding and cutting operations, enployees shal

be provided with safety goggles to protect the eyes fromheat, glare,
and flying fragnments of hot netal. Fire resistant gauntlets and
aprons shall also be worn. On electric welding operations, enployees
shal |l be provided with safety goggles and a hand-hel d shield or hel net
equi pped with a suitable filter glass of the shade required (dependi ng
upon the size of the welding rods or the magnitude of the welding or
cutting current), to protect against the intense ultraviolet and
infrared rays. Protective clothing, adequate to protect against the
hazards of the job, and prescribed by the safety office, shall be
worn. Wen other enployees are in the vicinity of electric welding
operations, the operations shall be screened so that the enpl oyees
cannot see the arc. Wlder's hel per shall be provided with and
required to wear filter goggles and other protective equi prent
applicable to the work. After welding operations are conpleted, the
operator should mark the hot netal to warn other enployees of the
hazard.

b. Cylinders of conpressed gas shall be stored and handl ed as
described in paragraph 13-21, AR 700-68, DOD 4145.19-R-1, and 29 CFR
1910. 251 through 1910.256. Hose lines from oxygen and fuel cylinders
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shall be different in color to avoid confusion. Hose should be tested
regul arly and repl aced when it becones danaged. Flashback arrestors
shoul d be installed per manufactures instructions, e.g., Conpressed
Gas Associ ation Panmphl et E-2 and ANSI Z49. 1.

c. Wen welding or cutting is to be done in |ocations where
expl osives and highly flanmable materials may be present, permts for
the work must be obtained in advance and per all requirenments of
par agraph 12-10.

d. Valves should be shut off at the cylinders and at the torch
when the torch is not in use.

e. Wen electric arc-welding or cutting is to be discontinued
for any substantial period of tine, all electrodes shall be renoved
fromthe holders; the holders shall be carefully |located so that
acci dental contact cannot occur and the machi nes shall be di sconnected
fromthe power source.

f. Metal containers shall be thoroughly inspected, cleaned or
purged of conbustible or flanmable materials, and contai ner bungs
shal | be renoved prior to welding or cutting. Appropriate SOPs shal
be devel oped.

8-28. Miintenance and Repairs. a. Responsible personnel shall nake
certain that enployees are properly trained and that supervision is
competent. The safety requirenents and safe practices specified here
and el sewhere in this regulation shall apply to nai ntenance enpl oyees
as well as those engaged in production activities.

b. When mai ntenance work entails operations that mi ght endanger
enpl oyees at work in the vicinity, the area shall be roped or fenced
of f. When overhead work is being done and enpl oyees nust conti nue
wor ki ng i mredi ately bel ow such operations, they shall be provided wth
hard hats or otherw se protected. Unfinished repairs or installation
shal |l be protected after working hours by roping or fencing the area
to prevent access by unauthorized personnel. Excavations shall be
further marked by lights at night.

c. Before repairing, adjusting, or cleaning any power driven
machi nery, the control switch shall be "locked out" and the machine
shal | be conspicuously tagged to indicate the presence of naintenance
men. \Were sonme type of switch other than a knife switch is used,
fuses shall be rempved fromthe circuit before repairing, adjusting,
or cleaning to avoid confusion as to whether or not the circuit has
been opened. After repairs or adjustments have been made, it shall be
the responsibility of the maintenance people to replace all guards,
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to renove any grease, oil or other materials spilled on equi prent

or floors, and to remove all tools, equipnment, and spare parts from
the machine area. Machines and floors shall be cleaned of any dirt
resulting fromrepairs. Lock Qut/Tag Qut procedures are detailed in
29 CFR 1910. 137.

d. Wen the use of portable grinders or other equipnment results
in dusts, fragments, or flying objects, the operation shall be
encl osed by portable screen guards for the protection of passers-by
and enpl oyees at work in the vicinity.

e. For general cleaning purposes, a safety solvent, having a
flash point of 100 degrees Fahrenheit (37.8 degrees Cel sius) or above,
shoul d be used. However, when the parts to be cl eaned, the solvent,
or the objects in the vicinity approach a tenperature of 100 degrees
Fahrenheit, the use of such a solvent is as hazardous as that of any
ot her solvent at or near its flash point.

8-29. Steamand Hot Water Ceaning. a. Any water heater or steam
generator should be regarded as a boiler and shoul d be equi pped with
safety valves of the tenmperature pressure type per the ASME Code for
Boilers and Unfired Pressure Vessels.

b. Adequate protective equi prent shoul d be furni shed personne
engaged in cleaning operations requiring the use of steam or high
wat er tenperat ure.

8-30. Confined Space Entry. a. Entry into confined spaces presents

uni que hazards. Included is the potential presence of toxic or
asphyxi ati ng gases, oxygen rich or deficient conditions, and expl osive
at mospheres. In addition, nore traditional hazards such as slips,

trips, falls, fires, or electrical shock may be exaggerated by the
nature of the confined space. To address these hazards, each
installation shall develop a programfor confined space entry neeting
the general requirenents of Title 29 Code of Federal Regul ations,
Parts 1910.146, 1915, and 1926. DHHS (NI OSH) Publication No. 87-113,
A Quide to Safety In Confined Spaces, provides additional infornmation
Program requirenents shall be a part of the installation safety

pr ogram docunent .

b. Entering Storage Tanks. Precautions such as, but not
restricted to, those listed below are intended to offset the hazard
encountered in entering tanks.

(1) Tanks, process vessels, manholes, etc., shall be

t horoughly cl eaned and purged of toxic, flammabl e/ conbustible gases,
vapors, dusts, funes, etc., prior to entry. Sanpling of the
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at nosphere of the confined space shall be performed with proper
instruments to ensure that the tanks/vessels, etc., are thoroughly
cl eaned, purged and free of toxic, conbustible/flammble vapors and
that an oxygen deficiency does not exist prior to entry by personnel

(2) The tank should be provided with special ventilation
by nmeans of forced air from an uncontam nated source.

(3) One person, on the outside of the tank, shall keep
the person in the tank under observation and at | east one additiona
person shall be available for rescue work should the person in the
tank be overcome. Personnel performng such duties shall be properly
trained to performtank rescue work. Additional personnel wth such
training shoul d be avail abl e.

(4) Personnel entering tanks shall be equi pped with N CSH
tested and certified respiratory protective equiprment, suitable life
belts or harnesses, and lifelines. Lifelines will not be used where
the line may become entangled in piping, inpellers, and other
appurt enances hanpering rescue.

8-31. Ladder Inspections. a. New |ladders shall be inspected
pronptly to assure conformty with the purchase order requirenents and
to discover defects. Woden |adders shall not be painted and al
pai nt ed wooden | adders shall have the paint renpved since it conceals
defects. Varnish, linseed oil, or shellac nmay be applied if
preservatives are needed. When not in use, |adders shall be stored in
readily accessi ble areas away from sources of heat and danpness. Each
| adder shall be inspected at |east every 6 nonths. To ensure regul ar

i nspection, all |adders shall be nunbered.

b. Ladders shall be inspected for--
(1) Loose or broken steps or rungs.
(2) Broken, split, cracked rails.
(3) Loose nails, screws, or bolts.
(4) Mssing, broken, or damaged safety shoes.
(5) Condition of hinges and spreaders.
(6) Defective |ocks (on extension |adders).
(7) Condition of rope and sheaves.

(8) General serviceability.



AMC- R 385-100

c. Safe use of |adders.

(1) Portable and extension | adders shall be placed at a
"safe" angle; i.e., the distance between the foot of the |adder
and the wall or object against which it is |eaning should be
approxi mately one-fourth the length of the | adder. Portable and
ext ension | adders shall be carefully placed to ensure secure
footing for both side rails. Ladders shall never be placed
agai nst a wi ndow sash; a board should be fastened securely across
the top of the ladder to give bearing at each side of the w ndow.
When it is necessary to place |ladders in front of doors which
open toward the | adder, adequate nmeans to divert traffic shall be
taken. \Where operations on the floor |evel are such that the
security of the | adder may be endangered, an enpl oyee shall be
stationed at the base of the |ladder to steady it or the | adder
shal |l be securely tied in position

(2) Portable metal |adders or wooden | adders with netal
side rail reinforcing or nmetal rungs shall not be used by
el ectrical maintenance personnel

d. Refer to 29 CFR 1910 and ANSI Al4 series for additiona
i nformati on.

8-32. Scaffolds. Were it is necessary for enployees on
scaffolds to crawl out on thrust-outs or projecting beans, life
l'ines and safety harness belts of an approved design shall be
worn and anchored properly. Refer to 29 CFR 1910.28 and 1910. 29
for nore information.

8-33. Rollover Protection Structures and Overhead Protection

Rol | over protective structure (ROPS) conplying with OSHA shall be
provided for the followi ng types of material handling equi pnent

that are used in construction work: all rubber-tired self-propelled
scrapers, front-end | oaders and dozers, wheel-type agricultural and
industrial tractors, crawer tractors, craw er-type | oaders, rough-
terrain forklift trucks, and notor graders with or w thout

attachnents. This requirenment does not apply to side-boom pipe-I|aying
tractors. Refer to 29 CFR 1926. 1001-1003 for additional information

8-34. Metal Strap Banding Operation. Personnel exposed in
proximty to steel-banding or band-cutting operations will wear
face shiel ds and safety eyewear. Operators handling the neta
banding will al so wear |eather or |eather-pal med gl oves or gloves
provi di ng equi val ent or superior protection.

8-19
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CHAPTER 9

PERSONAL PROTECTI VE CLOTH NG AND EQUI PMENT

9-1. Ceneral. a. Personal protective equiprment consists of

garments or devices to protect individuals fromspecific hazards

that will be encountered in performance of their jobs. These hazards
must be kept to the m ni mum t hrough engi neering design or by changes
in nmethods or processes. |If it is inpractical to elimnate a hazard,
its source shall be guarded, isolated, or confined so that personne
will not be exposed. Protection by mechanical neans is generally nore
reliable than protection which is dependent upon hunman behavi or

b. Personal protective equipnment is not to be confused with
safe work attire such as short sleeves, cuffless trousers, pocketless
shirts, substantial shoes or clothes which fit properly. Provision of
every day attire that is worn by prudent individuals to avoid
unnecessary risk is to the responsibility of the enpl oyee and shoul d
be considered a condition of enpl oynent.

c. Refer to 29 CFR 1910 Subpart |, for additional requirenents.

9-2. Deternmining Requirenents. A Hazard Analysis will be conducted
to determine the need for and specific kinds of personal protective
clothing or equipnent. Operations having a risk assessnent code of 1
2, or 3, as defined in AR 385-10, will have the anal ysis approved by
the conmander or his designee and docunentation kept on files as |ong
as the operation exists. Factors to be considered include: specific
exposures, enployee habits and unsafe acts, accident experience
(including correlation of parts of body injured with agencies
produci ng injuries), enployee suggestions, and appropriate nationally
accepted standards. SOPs and job-safety breakdowns wi Il include
protective clothing and equi prent requirenents.

9-3. Selecting Equipnent. To assure conpliance with applicable
safety standards, items of personal protective equi pment nust be
approved by the safety director before they are procured.
Substitutions will not be made by procuring agencies wi thout approval
of the Safety Director who supports the originator of the request.

9-4. Education and Enforcenment. a. Definite rules governing the use
of protective clothing and equi pnent shall be formul ated, published,
and enforced. On-the-job training nust include requirements for the
use of personal protective clothing.




AMC- R 385-100

b. Supervisors should periodically cover the care and use of
personal protective equipnent at safety meetings. Special enphasis
shoul d acconpany the introduction of newitenms in the plant in order
to increase the | evel of acceptance and use. Qperations forenmen and
supervi sors shall be especially careful to wear personal protective
equi prrent where it is required in order to set an exanple and to gain
experience in solving problens created by the use of these devices.

c. Complaints fromenpl oyees regardi ng the wearing of persona
protective equi pnent should be pronptly and thoroughly investigated,;
garnents or devices should be properly adjusted to the individual and
repai rs made w t hout del ays.

9-5. Maintenance. a. Personal protective equi pnent nust be properly
mai ntai ned since the life of the wearer may be dependent on its proper
functioning. Adequate attention to cleaning and disinfecting is
especially inportant for equi pnent worn about the face. An
appropri ate inspection schedul e should be established with the
frequency of inspection dependent on the various types of equi pnent
involved. |In establishing an inspection schedul e, recommendati ons of
nati onal standards, size of operations, and the ambunt of use should
be given consideration

b. The proper naintenance of personal protective equi pnent
is an inherent responsibility of supervision, and where necessary
to assure a high standard of naintenance, personal weekly inspection
of the equi pment shoul d be conducted by supervisory personnel. It is
the responsibility of the safety director to assure that the program
is being conducted in a satisfactory manner.

c. Provision shall be nmade for |aundering and disinfecting
protective garments and devi ces so that decontam nation and sanitary
standards are net.

9-6. Special Cdothing. a. Were enployees are required to wear
speci al clothing (explosive plant clothing, anticontani nation
clothing, inpervious clothing, etc.) and this necessitates changing
fromstreet clothes, a designated |ocation for changing clothes wll
be established and suitable clothing | ockers provided. Speci al
clothing that is worn at work should not be worn or taken away from
the premi ses, since this may introduce unnecessary risk to personne
not directly associated with Army operations. Special clothing shal
not be al erted except under the direction of operating officials.
Cotton undergarnents should be worn in any operation where the
generation of static electricity would create a hazard

9-2
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b. Explosives plant clothing, generally referred to as
powder uniforms, for men and wonmen, nust be fastened with nonnetallic
fasteners and be easily renovable. Pockets should be of the lattice
type. Trouser |egs, slacks, and sleeves should be tapered and the
trouser |egs and slack shall be w thout cuffs, and should extend over
the tope of shoes or boots. The garnent should fit snugly around the
wai st and neck but caution nust be exercised to avoid a fit around the
wai st band, belt, or neck sufficiently tight to cause skin irritation
of dermatitis. These garnents, as well as head coverings, should be
made fromtightly woven, snooth fabric and shall be flane-resistant or
made of material which has flane-retardant qualities which neet the
requirenents of ML-C 43122. Coveralls, Explosive Handlers (ML-C
14610) is a garment which neets the above requirements. It is treated
with a durable flame-retardant and does not require retreating. Each
installation shall establish the | aundering conditions which wll
effectively renpve contam nations from expl osive plant clothing.
Regul ar testing will verify the effectiveness of the |aundering
operati ons.

9-7. Flane Resistant Textiles. a. Wile it is not possible to make
combustible textiles conmpletely resistant to charring and
deconpositi on when exposed to flanme or high tenperature, a degree of
fl ane-resi stance can be achieved. C othing made of flane-retardant-
treated fabrics shall be used by personnel working in buildings or
operations where there is exposure to open flames, the possibility of
flash fires, or the possibility exists of contam nating clothing with
materials that could flash. Al operations shall be carefully

anal yzed to deternmne the need for flame-resistant clothing for those
personnel involved. To enable ready assurance during inspections that
enpl oyees are properly clothed, flame-resistant clothing should be
identified in a manner which is distinctive fromsimlar clothing that
is not flane-resistant.

b. An increasing range of flanme-resistant treatnments for natura
fiber materials is becom ng available, and the selection of a
particular treatnment is governed by the intended use of the treated
fabric. Were durability to |aundering or weathering is clained, the
fabric should be tested for flanme-resistance after being subject to
the applicable cleaning or exposure procedures. Al flame-resistant
textiles shall be capable of conplying with the performance
requirenents of either the small or |arge scale tests (depending on
the purpose the naterials to be tested are to serve) established in
sections 20 and 30, NFPA Standard No. 701 or M L-C 43122 whi chever is
more restrictive.

c. Many factors preclude the practice of specifying a single
type of flane-resistant textile or uniformfor all workers and al
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exposures. For exanple, sone synthetic fabrics used comonly in
industry to provide protection fromflash fires have been found to
shrink and decompose to a tar-like substance that burns into skin when
exposed to the intense heat of certain pyrotechnic conpositions.
General ly, flanme-retardant or flane-retardant-treated fabrics which
have hi gh noi sture regain, and that carbonize with mininal shrinkage
when exposed to fire should be used, and is nmandatory for netal fue
pyrotechnic m xtures and handling finely divided netallic powders.

Fl ame-retardant-treated cotton neets this requirenent, and with its
hi gh noi sture regain, assists in reducing the potential for static
el ectrical charge, generation, and retention. Were static
electricity is a concern, undergarnments should have a high cotton
fiber content.

9-8. Eye Protection. a. Suitable eye protection devices nust

be worn by all personnel when working or visiting in eye hazard

areas including aisles and hallways. Industrial safety eyegl asses
shall neet all the requirenments of ANSI/ASME Standard Z87.1 and 29 CFR
1910. 133. Since the Food and Drug Admi nistrations (FDA) design
requirenents for inpact resistance of all eyeglasses sold in the
United States are not as stringent as ANSI Z87.1, eyegl asses
conformng to FDA requirenments will not be considered as substitutes
for industrial safety gl asses.

b. Photochromnic | enses are objectionabl e because of their high
transm ssion of near ultraviolet and infrared light, their rather slow
recovery time to maxi mumtransm ssion of visible light, and their
tendency to darken when exposed to many types of fluorescent |anps.

I f absorption |lenses are required for industrial use, nore specific
control can be provided by specific tints dictated by the hazardous
exposure; however, when a bona fide visual speciali st
(optonmetri st/ opht hal nol ogi st) insists that an enpl oyee nmust have

phot ochromi c | enses to performhis job, photochromc |enses will be
permtted. In such cases, a conplete justification and rationale will
be obtained fromthe enployee's doctor citing the enpl oyee's
opht hal mi ¢ probl em and the prescription

c. Contact |enses cannot be considered as substitutes for
appropriate eye protection. In some instances, contact |enses
may increase the hazard to the eyes. The work environnent in eye
hazard areas shoul d be thoroughly evaluated to deternine the
advi sability of wearing contact |enses. Contact |enses should
not be worn in work environnents where there are chenicals, funes,
snoke, dusts, particles, or molten netals. When the use of contact
| enses is prescribed as necessary by a bona fide visual specialist,
other eye protection, such as tight fitting goggles, shall be
required.
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d. Eye hazardous areas w |l be designated clearly by posting
caution signs that require the wearing of eye protection as a
condition of entry (see 29 CFR 1910. 144/ 145).

9-9. Hearing Protection. a. Al personnel exposed to noise
hazards, either internmittently or when assigned to a noise hazard
area, shall be provided with and shall wear hearing protective
devices. The type of hearing protector to be worn will depend
upon the nature of the noise exposure and other job requirenents.
See AR 40-5, DA PAM 40-501, and 29 CFR 1910. 95.

b. Facilities shall be reviewed at |east annually to determ ne
areas to be designated and posted as noi se hazardous areas.

9-10. Respiratory Protection Devices. a. Persons enployed in
dusty or toxic atnospheres, where adequate ventilation or

engi neering controls are not feasible, shall be provided with and
required to wear respiratory protective devices approved by N OSH
for the particular hazard present. The governi ng docunents are
29 CFR 1910. 134 and AR 11-34.

b. For Arny peculiar operations, for which no Nl OSH approved
respirator is available, an Arny approved respirator will be used.
(Arny approved neans approved by the U S. Arnmy Edgewood Research and
Devel opment Center, or the Surgeon CGeneral.) The concentration, type,
and exposure duration of the toxic atnosphere contani nation shal
determ ne the necessity for such equi pnent. Such equi prent shall be
mai ntai ned in serviceable condition

c. Respirators shall not be worn nor will workers be pernitted
to performtasks that require respiratory protection when a nedica
determ nati on has been made that the individual is physically unable
to performthe work and use the equi pnent, or conditions such as a
growt h of beard, sideburns, a skull cap that protects under the
facepi ece, tenple pieces on corrective spectacles or goggles, or the
absence of one or both dentures prevent a good facepiece-to-face seal

9-11. Sweatbands. Operators shall wear sweatbands when necessary to
avoid perspiration falling on material such as finely divided
magnesi um or al um num which may be ignited by noisture. \Where
possi bl e, such operations should be conducted in air-conditioned

r oons.

9-12. Head Protection/Face Protection. Face shields shall be
worn by personnel exposed to flying sparks, shavings, splashing
liquids, or simlar hazards. For severe exposure to these
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hazards, safety goggles or spectacles with sideshields will be worn
under the face shield. Safety helmets, or hard hats as they are
commonly cal l ed, shall be worn where there is exposure to falling

obj ects such as in construction work in excavations or when using pick
axes or sledge hanmmers. Bunp hats nay be worn in |lieu of hard hats
when working in confined spaces, however, bunp hats are not a
substitute for hard hats. Safety helnets shall conply with 29 CFR
1910. 135.

9-13. Nonconductive @ oves. a. Nonconductive gloves shall be
worn in |ocations where the followi ng are present:

(1) Exposed el ectroexpl osive devices; e.g., squibs,
detonators, etc.

(2) Electrically initiated itens with exposed electric
circuitry; e.g., rockets.

(3) Hazardous materials that could be ignited by a static
di scharge fromthe human body.

b. Leather gloves may be worn while performng manua
operations involving linked, unpacked amunition with electric
priners.

c. Nonconductive gloves are permtted where work surfaces,
equi prent floor, item and operator (through conductive shoes) are
gr ounded.

d. Cotton gloves may be worn in propellant handling
operations to prevent unnecessary skin exposure to Nitroglycerin
(NG. |If cotton gloves are worn they should be changed after 1
hour if NG or products containing NG are handl ed. Cotton gl oves
shoul d be washed daily on site to prevent contam nation of
oper at ors.
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CHAPTER 10

STORAGE AND HANDLI NG OF M LI TARY PECULI AR
CHEM CAL MATERI ALS AND MUNI T1 ONS

10-1. Ceneral. a. Mlitary unique chemcal materials for the
pur poses of this chapter include chenical agents, riot control agents,
smoke, and flane materials.

b. For environnental considerations, see AR 200-1, Environnmental
Protection and Enhancenent, and the AMC Suppl enment 1 thereto.

10-2. dassification. a. For purposes of storing and handli ng,

chemi cal materials have been divided into groups as listed in the
Joint Hazard Classification Listing and as defi ned bel ow, based on the
action of the agent, the degree and type of hazard, and the type of
protection required.

(1) Chemical Goup A- Goup Aincludes highly toxic liquid
agents which in either liquid or vapor form may be absorbed through
the respiratory tract, the skin, or the eyes (e.g., nerve agent,
mustard). Exposure to chemical group A agents nmmy cause serious
damage to body functions or death, depending on the degree of exposure
i nvol ved. Personnel can be exposed to, or contam nated by, the
chem cal agents in these nmunitions and not be aware of it until the
effects first become noticeable several mnutes or hours after
exposure. Quidance and procedures for the storage and handling of
group A chemcal surety agents is provided in AR 385-61 and DA PAM
385-61 and the Material Safety Data Sheets (MSDS) specific for the
agents. Therefore, this group will not be further addressed in this
chapt er.

(2) Chemical Goup B- Goup B includes chemcal materials
(gaseous, liquids, or solids) which are toxic or incapacitating by
i nhal ati on, ingestion, or percutaneous absorption. Waring of
suitable respiratory protection is required for the protection of
personnel agai nst inhalation of vapors, particles, or snmoke from
burning agents. This group consists of choking agents, bl ood agents,
riot control agents, and screening snokes. The chemical materials
nmost likely to be encountered in nunitions are Phosgene (CQ,
Cyanogen Chloride (CK), Chlorine (CL), Incapacitating Agent (BZz),
Chl or oacet ophenone (CN), Tear Agent CNS, Adansite (DM,
Chl or obenzamal ononitrile (CS), Sul fur trioxide-chlorosulfonic
acid mxture (FS), Titaniumtetrachloride (FM, Hexachl oroethane
m xture (HC), Burning mxture (CN-DM (a nixture of chloroacetophenone
and di phenyl am nechl oroarsine with pyrotechnic material), R ot contro
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agent (CR), and Red Phosphorus (RP). The MsDSs for bulk CG CK, CL,
FM and RP shoul d be obtained fromthe comrercial manufacturers. The
MBDSs for the remaining chem cal group B agents nmay be obtained from
the Hazardous Material Information System (HMS) or by witten request
from ERDEC Safety Ofice, SCBRD-ODR-S, APG NMD 21010-5423

(3) Chemical Goup C- This group includes materials which are
spont aneousl y conbusti bl e when exposed to air (white phosphorus (WP)
and pl asticized white phosphorus (PWP)) and which require speci al
fire-fighting techniques and naterials. Both WP and PWP burn with a
yel low fl ame and gives off a large volune of white snoke. Snpke in
field concentrations is not toxic, but WP funes are toxic. WP is
i ntensely poi sonous when taken internally. PWP is finely divided W
suspended in gel of rubber and xylene. Personnel protection will be
of the type that will provide protection against fire and heat.

Al t hough not included as a group C agent, red phosphorus (RP) is an
anor phous form of phosphorous but is not spontaneously conbusti bl e.
It is a good fuel and if mxed with oxidizing agents can formvery
sensitive explosives mixtures. RP may revert to WP formif
unstabilized (i.e., involved in a fire), and because of sone
simlarities, chenmical group C controls nmay be applicable to RP

(4) Chemical Goup D - This group consists of signaling
snokes and incendiary (e.g., TH, IM NP, PTI, TEA, or TPA)
mat eri al for which conventional fire-fighting nethods except use
of water may be used. Protection frominhalation of snoke from
burning incendiary mxtures is required.

b. The sane group designation as used for chem cal materi al
shal | be used for chemical nunitions. The chenical and storage
compatibility groups of the munitions itemshall be the sane as
that of the chem cal material contained within the item

c. Most chenmical agents (except snoke) are classified as
storage conpatibility group K Separate storage is required
foreach of the four chemical groups A B, C and D to preclude
mxing with each other or with other dissimlar materials.
Muni ti ons containing chemcal groups A, B, C, and D naterials
shal |l be stored per figure 4-1 of DA PAM 385-64 and the Joint
Hazard C assification System In addition, each agent assigned
to conpatibility group Kw Il be stored separately due to the
i nherently hazardous nature of these chemnical agents and the
differences in personal protective equipnent requiremnments.

d. Chemcal munitions of the same chem cal group and
possessing essentially the sane toxic and expl osive characteristics
may be stored together (except those in storage conpatibility group
K). Storage conpatibility mixing does not apply to the storage of
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wor ki ng quantities on one liter or |ess per container of RDT&E stocks
of chem cal agents when properly packaged in approved contai ners.

10-3. Storage Requirenents. a. The fencing and security
requirenents for any structure or storage area nust neet the
criteria outlined in AR 190-59, AR 190-11, and DOD Reg 5100. 76M

b. Incendiary and pyrotechnic nunitions (including riot
control itens designed for thermal dissem nation) - snoke grenades,
riot control grenades, and incendiary itens shall be stored in
structures appropriate to their explosive classification as determ ned
in chapters 4 and 13 of DA PAM 385-64.

c. Chemcal munitions shall only be stored in magazi nes whose
floors are not porous or are suitably sealed to prevent absorption of
agent .

(1) For nmunitions with chem cal group B filling or bulk
agents, concrete floors treated with sodiumsilicate should be used.
Rubberoi d or other floor coverings shall not be used. Chemnical G oup
B nunitions should be stored in igloo type magazi nes.

(2) Chemical group C nmunitions should be stored in fire-
resistive magazines with concrete floors. Storage in igloo type or
Corbetta-type magazines is preferred. Chemical group C nunitions
shal |l be stored per current draw ngs and/or directives. |n any case,
chem cal group C nunitions should be stored in such a manner as to
permt proper inspection

(3) See individual MsSDSs for specific storage requirenents.

d. Magazines and open areas used for storage of Hazard class 1
chem cal amunition shall be equipped with Iightning protection as
described in chapter 12 of DA PAM 385-64. Lightning protection need
not be provided for outdoor storage of ton containers. Nonconbustible
structures in which only ton containers are stored need not be
equi pped with lightning protection provided conmbustible materials in
the structure are limted to the blocking and bracing materials
necessary to storage of the containers.

e. Quantity-distances for chem cal agents and agent-filled
munitions shall be per requirenents established in DA PAM 385-61
and DA PAM 385-64. |In addition, hazard zone cal culations will be
devel oped for bul k storage of chem cal groups B and D

(1) Because of the diversity of itens which may be present at
an installation and the wi de variation of hazards associated with
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maxi mum credi bl e events (MCE) involving different itenms, it is
necessary that cal cul ati ons be made for each itemindividually. It is
necessary to hypothesize an MCE to enabl e cal cul ati on of the magnitude
of a worst case hazard. The hypothetical MCE for any given situation
wi || be based upon the nature and characteristics of the agent

i nvol ved, amunition, its packaging (container), storage configuration
and | ocation, and nearby anmunition and/or hazardous nmaterial storage.
The nunber of ammunition items involved, the quantity of agent

rel eased, and the percentage of agent dissem nated shall be assuned,
based upon available test data. In the absence of data, the best
techni cal judgnment available will be used. In the instance of a bulk
container or an anmunition itemw thout explosives conponents,

the MCE will be devel oped fromthe hypothesis of a |leak or rupture
resulting in a release of agent. |In the instance of anmmunition wth
expl osi ve conponents, the MCE will be devel oped formthe assunption of
an expl osi on of detonation of one of the npbst disruptive explosive
conponents whi ch woul d produce the worst results regarding rel ease of
agent. The propagation characteristics of the anmunition will be
considered in devel oping the overall MCE. The anpbunt of agent

rel eased and the nature of rel ease (evaporation or explosive

di ssem nation) as hypothesize in the MCE will then be used to make the
hazar d- zone cal cul ati ons.

(2) Considerations of hazard zones for chemical items at
each installation shall include: agents present, their anounts,
and storage or handling configurations; the normal types of
operations and handling to which they are subjected; and the MCE
that may result directly fromeach operations. The chem ca
agent source strength which would result fromthe MCE that could
occur in the usual storage and handling configuration or during
ot her specialized operations shall be calculated for each
chemcal item Such MCE shall be evaluated and the worst case
hazard strength shall be selected, based on the type and quantity
of agent rel eased and type of release (i.e., by explosive
di ssem nati on and evaporation). These hazard sources shal
becone the basis of subsequent hazard-di stance cal cul ati ons
performed per the methodol ogy described in Departnent of Defense
Expl osi ves Saf ety Board (DDESB) Techni cal Paper No. 10.

(3) In performng hazard cal cul ations, prine
consideration shall be given to type of agent, source strength
and geonetry, agent's persistency, volatility, toxicity, nature
of release (explosive disseni nation or evaporation), other
special features, and tine of day that the agent rel ease occurs.
Based on neteorol ogi cal, topographical, and other |oca
conditions, a downw nd-hazard zone in which certain effects may
be expected shall be calcul ated for accidental agent rel ease from
the potential source of agent. The D2PC Chemi cal Hazard Prediction
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nmodel provides practical nethods of performing these
hazar d- di stance cal cul ations. Information on the D2PC program
may be obtained fromthe U S. Arny Edgewood Research and

Devel opnent Center, ATTN. SCBRD- RTM Aberdeen Provi ng G ounds,
MD 21010- 5423.

(4) Public access exclusion distance (PAED) requires
consi deration not only of blast or fragment hazard fromclass 1
items, but also of the effect of rel ease of agent because of the
i nhabi ted buil ding quantity-di stance standards for chen ca
agents in class 1 or class 6 itens cannot be conveniently stated
in the manner prescribed for other class 1 itens. The downw nd-hazard
zone shall be calculated as indicated in paragraph (3), above. For
protection and anal ogous to the inhabited building distance for
expl osi ves, the hazard zone cal cul ated fromthe MCE shall represent
that arc fromthe agent source containing no nore than 1 percent
lethality concentration. Distances will be calculated to show whet her
or not the hazards fromthe chemical agents exceed the safety zones
required to protect against the explosive hazards if both are present.
The hazard di stances should then be di splayed as the radius of a
circle drawmn on a map of the installation boundaries. Positive
means shall be taken to assure that no persons, not directly
associated with chem cal weapons operations, enter areas so
defined. 1In the event this calculation results in a |esser
di stance than that required by the associated blast or fragnent
hazard, the blast or fragment distance shall be applied as
determned for class 1, divisions 1 through 4. Positive control
of an area which can assure that all persons can be renoved prior
to exposure in the case of an MCE may be developed in |lieu of
absol ute exclusion. Full details of such control nust be
presented in the site plan as required i n DA PAM 385- 64.

f. Sonme Chem cal group B have special storage requiremnents.
Sone nonpersistent group B agents are under pressure when in
contai ners, bonbs, or projectiles, and internal pressure increase
rapi dly when they are exposed to heat. Bonbs have a manual |y
operated venting device to relieve excessive pressure.

(1) Surveillance. Periodic pressure testing and, in sone
i nstances, sanpling of agent containers is required to detect
increases of internal pressure before they becone dangerously
hi gh. Surveillance also includes inspection to detect |eaks,
breaks or other defects in containers and val ves.

(2) Valves. Valves of containers filled with
nonper si stent agents nust be opened slowy with the correct
wench or tool. The valve should first be "cracked" by opening
it one-quarter turn and then closing i nmediately.
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(3) Inspections. Wen a mmgazi ne containing chenica
group B munitions is opened, a foreman or other responsible
person famliar with work in magazi nes containing this materi al
must be present to deternmine whether or not nunitions in the
magazi nes are |l eaking. Specific detection requirenments will be
determ ned during SOP devel opnent based on the hazard anal ysis
and i nformation contained in specific MSDSs. |If munitions are
| eaki ng, protective nmasks shall be worn and doors and ventilators
wi |l be opened. The |eaking projectile or container shall be
| ocat ed and di sposed of.

(4) Handling unboxed projectiles and containers. Unboxed
projectiles and contai ners may be handl ed w t hout protective
gl oves unl ess contam nation is noted, except for |iquid acid-type
agents.

g. Limted tenperature control is required for group C
munitions during storage because the white phosphorus filling in
the munitions becomes liquid at 111 degrees Fahrenheit.

(1) Wen exposed to air, WP will ignite; and, in cases
where a burster is in the projectile it nmay explode. Below 111
degrees Fahrenheit the filling is solid and will not |eak. For

this reason, it is inportant that the tenperature be kept bel ow
111 degrees Fahrenheit.

(2) Were the tenperature is likely to reach 111 degrees
Fahrenheit, munitions shall be stacked in an upright position
sitting on their base so that a subsequent drop in tenperature
will not solidify the WP in such a position as to affect the
ballistics of the item

h. A report of any |eaking or damaged chenical itens shal
be nmade i medi ately to the supervisor of the storage area who
will initiate procedures to process the naterial toward
di sposition of correction and acconplish appropriate reporting.

i. \When damaged, |eaking, or otherw se unserviceable itens
are di scovered, they shall be marked for identification. These
itenms will be renoved fromthe storage area pronptly, if practicable.
If imediate disposition is not practicable, then | eaking nmunitions
shal | be contained and segregated in a structure or area reserved for
storage of defective itens.

10-4. Personnel Protective dothing and Equi pnment. a. Each

i ndi vidual who is involved in operations with chemcal itemns
shal |l be properly fitted with respiratory protection which wll
be assigned to his/her and for which he/she will be held
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responsible. The respirators nust be readily available to al
persons working in these nagazines. For normal operations, N OSH
approved respirators will be issued. Mlitary mask may be issued
for emergency escape purposes uses only.

b. Personal protective equi pnment such as protective nmasks,
i nper meabl e cl othing, self contai ned breathing apparatus, coveralls,
gl oves, aprons, boots, etc., will be issued according to the needs
establi shed by the hazard anal ysis and incorporated into the SOPs for
i ndi vi dual operations or for energencies.

c. Personal protective equipnment shall be placed at a |ocation
which will pernmit inmediate access for use. The quantity and type of
equi prent required to be on hand shall be posted in the SOP
Centrally | ocated protective equi pment shall be inspected prior to and
after each use, and on a regularly schedul ed basis thereafter.

Equi prent that beconmes unservi ceabl e shall be replaced pronptly.

d. Appropriate first aid and decontani nati on equi pnent
shall be readily available at each work site and each enpl oyee
shall be instructed in the use of this equipment. First aid
procedures shall be included in operating SOPs.

e. Change houses and showering facilities, either stationary or
mobi |l e, shall be provided at the work area. Personnel shall be
required to wash their hands thoroughly with soap and water after
handl i ng chemi cal nunitions, particularly before eating.

10-5. Chenical Hazard Synbols. a. The chem cal hazard synbols

are illustrated in figure 3-5 to 3-7 of DA PAM 385-64. The chem ca
agents nost used in amunition and the conbinati ons of chem cal hazard
synmbols required in storage are specified in table 3-7 of DA PAM 385-
64. Storage and operational facilities and transport vehicles
containing any chemcal nunitions or bulk quantities will display the
appropri ate synbol s.

b. Protective clothing and apparatus prescribed by synbols
1 and 2 in figures 3-5 and 3-6 of DA PAM 385-64 are for fire fighting
purposes only and do not necessarily apply to normal operations.

c. Fire fighting personnel equipped with normal heat-resistant
clothing (bunker suit) and gas mask/sel f-contai ned breathi ng apparatus
do not require the protective clothing identified as sets 2 and 3 when
fighting fires involving material in which sets 2 or 3 are specified
in table 3-7 of DA PAM 385- 64.
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10- 6. Packing, Marking, and Shipping. Chemical materials, nunitions
and conponents shall be packed, marked, and prepared for shipnent per
current draw ngs and specifications for the iteminvolved. In
addition, all applicable DOT regul ati ons governing the shipnent of
chemical materials and munitions shall be observed.
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CHAPTER 11

FI RE PROTECTI ON

11-1. Scope. Al AMCinstallations and activities shall institute an
ef fective program designed to carry out the steps necessary to prevent
and fight fires. Programelenments and responsibilities are outlined
in ARs in the 420 series, TMs in the 5 series, TBs in the 385 series,
the provisions of the National Fire Protection Association (NFPA)
standards, OSHA standards and MIlitary Handbook 1008. \Where
appropriate for the purposes of this regulation, some of these
docunents are referenced in the foll owi ng paragraphs of this chapter

11-2. Infrared Ray Drying. |If sealed itens containing explosives are
to be subjected to infrared drying processes, prior tests to deternine
maxi mum i nternal tenperatures to which explosives will be raised by

such processes shall be conducted on duplicate seal ed containers with
inert filler having a thermal conductivity and specific heat simlar
to that of the explosives. Conveyor speed, time of exposure, and
intensity of exposure to infrared rays will be adjusted so that the
maxi mum i nternal tenperatures to which expl osives are subjected do not
exceed the | owest of the foll ow ng tenperatures:

a. Twenty five degrees Celsius (77 degrees Fahrenheit) |ess than
the ignition tenperature of either the dust |ayer or vapor cloud
ignition tenperatures of the material involved, whichever is |ess
(values to be determned through the use of references a-e,
para 6-22).

b. Twenty five degrees Celsius (77 degrees Fahrenheit) |ess than
the auto-ignition tenperature of the material as determ ned by
differential thermal analysis.

c. Fifty degrees Celsius (122 degrees Fahrenheit) less than the
5-second expl osi on tenperature of the material involved, reference
AMC-P 706-177.

11-3. Limtation of Fire Areas. a. Buildings not containing
expl osi ves shall be separated by clear space in conpliance with
M L HBK 1008.

b. Buildings containing explosives or anmunition shall be
separ ated per chapter 15 of this regul ation.

11-4. Control of Vegetation. a. Local, State, or Federal forest
service officials should be consulted with respect to periods of
great est danger of forest and grass fires in the locality and with
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respect to equi pment which has proven nost effective in extinguishing
such fires. The information received shall be used in devel oping a
Land Management and Vegetation Control Plan which will mnimze the
danger of forest and grass fires on | and under Governnent control and
spread of fire fromadjacent land to land within the installation
boundary. This plan shall be incorporated into the Land Managenent
and Grounds Maintenance portion of the Natural Resources Managenent
Plan. Vegetation in the formof grass, undergrowh, weeds, etc., the
density or nature of which constitutes a fire hazard or which is
likely to becone a fire hazard to Governnent property, shall be
controlled. The use of bare ground firebreaks is discouraged.
Installation perimeter firebreaks, forestry firebreaks, and sinmlar
firebreaks should be established in appropriate grass species.

Peri odi ¢ mai nt enance shoul d be acconplished by nowi ng or application
of herbicides. \Where conplete renmoval of vegetation is necessary to
provide an effective firebreak, but would tend to create an erosion
problem the firebreak should be covered wi th nonconbustible materials
such as gravel. During cal mweather and when adequate precautions are
taken to prevent the spread of fire, burning nay be used to control
vegetation. Burning, however, shall not be permitted within 200 feet
of any aboveground-type magazi ne or outdoor storage pad containing
expl osives or ammunition, or within 50 feet of any earth-covered
magazi ne contai ni ng expl osi ves or amunition. During burning
operations, all w ndows, doors and ventilators of nagazi nes shall be
closed. Control, cutting, or cleaning of woody vegetati on (down or
standing) will be acconplished per the appropriate portions of the
approved Natural Resources Managenent Plan. Requests for assistance
and questions concerning vegetation control should be directed to AMC
Installations and Services Activity, ATTN. AMXEN-IB.

b. Forestry operations shall be reviewed and nonitored by the
| ocal safety office. When such operations are underway, the follow ng
di stances and conditions shall be maintained between expl osives
| ocations, and forestry operations:

(1) Active operating buildings and expl osives handling
facilities (i.e., with explosives) - unbarricaded intraline distance.

(2) Inactive operating buildings (i.e., wthout explosives) -
in the imediate vicinity. Heat-producing devices will conply with
paragraph 11-4 and AR 420-90.

(3) Magazines with doors closed (i.e., no operations) - in the
i medi ate vicinity. Heat-producing devices will conply with paragraph
11-4 and AR 420-90.

(4) Magazines with doors open - unbarricaded intraline
di st ance.
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11-5. Firebreaks in Restricted Areas. a. Firebreaks in and

around magazi ne areas shoul d be nai ntai ned wherever deened necessary.
A firebreak at least 50 feet wide and free from conbustible materi al
shal | be nai ntai ned around each aboveground-type nmagazi ne, hol di ng
yard, interchange yard, and around each outdoor storage pad containing
amuni tion or explosives. The use of bare ground firebreaks is

di scouraged. Installation perimeter firebreaks, forestry firebreaks,
and ot hers shoul d be established in appropriate grass species.

Peri odi ¢ mai nt enance shoul d be acconplished by nowi ng or application
of herbicides. Tenporary nagazi nes with exterior covering which may
be readily ignited; nagazines with fire resistant construction where
the fire-resistant naterials do not conpletely cover the conbustible
fram ng, plates, sills, and supports; and outdoor anmmunition storage
pads cont ai ni ng conbusti bl e packing materials, dunnage, or other
framework must be protected by a 50-foot firebreak in all directions
on which no materials or vegetation capabl e of supporting conbustion
are permtted to exist. Magazines with fire resistive exterior
covering, conpletely protecting the conmbustible fram ng, sills,

and pl ates, and outdoor ammunition storage areas hol ding rmunitions

wi th heavy castings (e.g., heavy case high explosives (HE) bonbs),

whi ch are somewhat resistant to fire, must be protected by a firebreak
begi nning at the nagazi ne or pad and extending 50 feet in al
directions. This firebreak need not be devoid of vegetation but the
growt h must be controlled to prevent rapid transnission of fire to the
pad or nagazine. Mowi ng, conbined with chem cal herbicides, wll
satisfy this requirenent.

b. The mai ntenance of firebreaks around earth-covered nmgazi nes
and the cutting of grass covering these structures is not nornally

required. |f the | ocal commander believes that conditions at this
installation are exceptional, he should so advise the Conmrander, ANC,
ATTN:  AMXEN. |In energencies, however, the |ocal commander may take

what ever action is deemed necessary to elimnate the hazard. Excess
vegetation and dry debris on earth-covered nagazi nes, and | arge trees,
the root system or weight of which may damage these magazi nes, shal

be cut and rempbved. Once initial control is achieved, excess woody
vegetation can be controlled by applying herbicides on an as-needed
basis. Gowh of vegetation around ventilators on earth-covered
magazi nes nmust be controlled to prevent rapid transm ssion of fire and
to provide visibility of the ventilator flag from ground |evel.

Nonsel ective herbicides can be used to control unwanted vegetation
around ventilators. While nmowi ng can be used, routine mowing is
costly. Therefore, herbicides should normally be used to control
vegetation on or around roof ventil ator of earth-covered magazi nes.
Al'l pesticide (e.g., herbicide, insecticide, rodenticide) application
must be coordinated with the installation Pest Managenent Plan and
the installation Pest Managenment Coordi nator to ensure conpliance
with Arny regul ati ons on pesticide application and DoD initiatives to
reduce use of pesti cides.
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c. Vegetated firebreaks should be nmaintained around ot her
areas or buil dings housi ng hazardous operations or contai ning
mat eri al s of high strategic val ue.

11-6. Hazards of Fires Involving Explosives. a. Ceneral

(1) At notinme will auxiliary or nutual aid firefighters
be exposed to any building fire which may contain amunition
expl osi ves, or chem cal warfare weapons.

(2) The mnimumwi thdrawal di stance for essential personnel at
accidents shall be determ ned by enmergency authorities on site.
Emer gency authorities shall determ ne who are essential personnel

(3) Fires involving ammunition and expl osives will be
fought according to their classification in fire divisions and
the stage of the fires and the procedures specified in subparagraph
(2)(a) through (e) bel ow

(4) Ammunition containing both explosives and chem cal agents
requires special attention and precautions in firefighting. Such
ammuni tion may belong to different fire divisions depending on the
kind and quantity of explosives contained. Fire involving amunition
contai ni ng both expl osives and chem cal agents will be fought per
their hazard class characteristics, but also taking cogni zance of the
addi tional hazards resulting fromthe effect of the chem cal agents
and the associ ated special neasures required in the fighting of those
fires; e.g., fires of WP anmunition

b. Specific.

(1) Fire synbols 1 and 2 include amunition and expl osives in
hazard classes 1.1 and 1.2 (excluding nucl ear weapons - see TB 385-2).
When involved in a fire, these materials can be expected to detonate
with a noderate to severe fragnentation hazard. Therefore, no attenpt
to fight fires involving fire synbols 1 and 2 material shall be nade
except for manual activation of installed fire protection systens and
fire alarm equi pnent while escaping. Personnel evacuating the
bui |l di ng have a reasonabl e degree of safety in the open at distances
gi ven in subparagraph d(1)(d) above fromthe building in question
When exit drills are held, enployees shall be instructed as to the
safest line of travel to shelter or to a destination which is the
requi red distance away. |If the fire in a fire synbol 1 or 2 building
is in nonexplosive material and is small or in a separate container
an attenpt may be nmade to extinguish the fire with a portable
extingui sher or other neans readily at hand. However, the pl acenent
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of fire extinguishing equiprent designated for hand use adjacent to
fire synbols 1 and 2 material must carefully be scrutinized. After
notifying the fire departnent, the superintendent or other responsible
person shall travel as far as possible in the direction fromwhich the
firefighting forces may be expected in order to advise themas to

the nature of the fire and the kind of material involved or likely to
be involved. When fire synbols 1, 2, or 3 materials are known or
suspected to be directly involved, the firefighting forces shall not
approach cl oser than the distances specified in the latest edition of
the Departnment of Transportation Energency Response Qui debook, and the
nmobi | e equi pnent shall be kept at a protected location. If it is
known that a considerable distance or effective screening separates
bur ni ng nonexpl osive materials fromfire synbol 1 or 2 materials, or
if an expl osion has already occurred with assurance that only the heat
of burni ng weckage exposes ot her buil di ngs whet her contai ni ng

expl osives or not, and the fire chief and person in charge are in
agreenent on the procedure, firefighting forces nay approach to
extinguish the fire or protect adjacent buildings. However, no person
shall reenter a fire synmbol 1 or 2 building in which there is a fire
to determ ne the conditions surrounding the fire. The safety of
personnel in fighting a synbol 1 or 2 fire depends on the accuracy of
the information available to the firefighting forces. When t he
question of safety is in doubt, no effort shall be nade to fight the
fire.

(2) Fire synbol 3 includes amunition and expl osives
hazard class 1.3. They present a nmass fire hazard. Personnel in
the imediate vicinity should do everything possible to activate
the fire protection systemand give the alarmw thout incurring
undue personal hazard. Unless the fire is of a minor nature and
does not involve the explosive itself, and there appears to be a
chance to control it, the firefighting forces shall confine their
operation to preventing the spread of fire to other buildings.
Fire in these materials produces intense radiant heat over a w de
area, which is dangerous to personnel and equiprment in the
vicinity. Extrene caution should be taken by the firefighting
forces.

(3) Fire synbol 4 includes amunition and expl osives in
hazard class 1.4. They present a noderate fire hazard. Fires
shoul d be fought with all available firefighting equi pment unti
the fire has been brought under control. Sonme hazard may be
expected to firefighting personnel fromfires in these materials
and precautions shoul d be taken agai nst them
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11-7. Evacuation Drills and Alarnms. To facilitate the pronpt
evacuation of all personnel from buildings, a manual system shal
be installed in each expl osives operating building. The alarm
system for buil dings containing explosives shall be arranged so
that in case of fire or explosion in any one of the buildings of
an operating line, personnel in all buildings of the |ine shal
be warned. In case of fire in any inert building within an
operating line, the personnel in that building shall be warned,
and the personnel in the entire |ine nmay be warned by manual

met hods. Where buil dings or processes are protected by automatic
fire extinguishing systens, these systens nay be used to actuate
general alarns, elimnating the need for special alarm systens.

11-8. Deluge Systems. a. GCeneral. The deluge systemis an

i nst ant aneous response (mllisecond) ultra-high-speed system
controlled by flanme detectors (usually ultraviolet or infrared).
They are used prinmarily to protect personnel, process equi pnent,
and buildings fromthe fire and thermal hazard presented by
energetic material involved in high hazard expl osive operations
such as nelting, mxing, blending, screening, saw ng,

granul ating, drying, pressing, extrusion, and pouring. Deluge
systens with heat actuated devices (HAD) are not ultra-high-
speed del uge systens and shoul d not be used for personne
protection.

b. Design and installation. The design and installation of
ul t ra- hi gh-speed del uge systens for ordnance applications
i nvol ves a technol ogy which is substantially different fromthat
associated with automatic sprinkler systenms. Due to the speed of
wat er delivery fromall the nozzles, ultra-high-speed del uge
systens are highly dependent on the detection system piping
networ k, nozzles, and water supply characteristics; the design
specification, and installation of the deluge systens nust be
performed by experienced designers, engineers, and installers who
thoroughly understand the linmtations and capabilities of these
syst ens.

c. Sequence of operation. Wen the flane detector senses a
fire within its scanning range, notification that a fire
condition exists is sent to the controller. The controller in
turn sends an electrical inpulse to open the valve. At the sane
time signals are sent to operate audi ble and or visual alarms and
to shut down process equi pnent. The del uge system consists of
the foll ow ng conponents:

(1) Detector. The nbst comonly used detector is the
flane detector. It is an optical device that responds to the
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radi ant energy that is given off by a flane. Wen a flane or

ignition source occurs within the field of view of the detector

the resulting el ectromagnetic radiation travels toward the

detector at the speed of light. The detector responds to the

radi ant energy in mlliseconds, sending a signal to the electronic
controller. Two types of detectors are commonly used in ultra-high-
speed del uge systens: ultraviolet and infrared. The ultraviolet (W)
detector senses el ectromagnetic energy in the UV spectrumand is used
primarily to observe open area operations such as anmunition assenbly
and renovation operations. The infrared detector senses energy in the
infrared (IR) spectrumand is used prinmarily to observe operations in
encl osed process equi pnent. The detectors should be constantly
scanni ng and capabl e of respondi ng and signaling when a flash or flane
is detected. Each detector should have a nmethod for automatically

or selective rempote verification of optical supervision and
cleanliness. Detectors normally have about an 80 degree cone of
vision. A third type of sensor is the fast acting (mllisecond)
pressure sensor. It responds to the pressure generated by a

defl agrati on.

(2) Controller. The controller contains all the electronic
circuitry for processing the signal fromthe detector to actuate the
relays that control the deluge valve. The controller should be self-
supervising with independent relay contacts, field adjustable
sensitivity, plug-in nodules and relays, and switches to put the
systeminto a standby or bypass. The controller should have coded
readouts of the systemfaults as they occur displayed prom nently on
the front panel. The controller should also contain the necessary
instrumentation to nonitor detectors, energize the audible and/or
visual alarns indicating systens activation or nmal function, to
transfer these signals to renote designated |ocations and to
automatically stop the process equipment in the affected areas. The
control panel should be |located where it is easily accessible. A
backup el ectrical power system should be provided. The backup system
shoul d be able to neet the electrical requirenents of the system
for 8 hours and still be capable of activating the del uge system

(3) Valve. There are two common types of valves used in
ul t ra- hi gh-speed del uge systenms. The squib operated val ve uses
an electrically fired explosive priner to open the valve permtting
water to flow. The solenoid activated val ve uses an electrically
operated sol enoid to open a poppet val ve releasing pressure fromthe
pilot line which permits the main valve to open and water to flow A
third type of valve is the electrically initiated rupture disc.

(4) Piping. The dianmeter, |ength, nunber of bends, and
friction coefficient limts the effective flow rate of water that
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can be transported at an effective pressure by the piping system
Pi pe runs should be kept to a mininum and all horizontal runs
shoul d be sloped at least ™ inch per 10 feet of run, with air

bl eeders at all high points. The | ooping of deluge piping
systens may inprove response tinme by inproving pressure and
effective flow rate.

(5) Nozzle. The design of the orifice determ nes the
di spersion pattern, water droplets, and turbul ence of the water
flow which in turn, directly affects the water velocity. Nozzles
should be installed with primng water being held back at the
nozzle with bl owoff caps, rupture disc, or the poppet valve when
utilizing pilot operated nozzles. Nozzle discharge rates and
spray patterns should be selected to neet the hazard condition
bei ng protected.

d. Hazard analysis. Al munition production, naintenance,
renovation, and demlitarization operations will be subject to
hazard analysis in order to identify potential fire and therma
threats and to assess the |level of risk. The hazard must be
accurately defined. The risk assessment should include factors
such as: initiation sensitivity; quantity of material; heat
output; burning rate; potential ignition and initiation sources;
protection capabilities (operational shields, clothing, etc.);
personnel exposure (including respiratory and circul atory
damage); nunition configuration; process equi pment; process
| ayout; and buil ding | ayout.

e. Design. Once the hazard has been accurately defined,
the del uge system can be properly designed. The design and
installation of ultra-high-speed del uge systens for ordnance
applications involves a technology which is substantially
different fromthat associated with automatic sprinkler systens.
U tra-hi gh-speed del uge systens are fire detection and
suppressi on systens capable of water delivery fromall nozzles in
mlliseconds following the detection of a fire. The deluge
systemis part of the total protection provided for an operation
O her protective features such as clothing, renote operations,
protective construction, operational shields, venting, etc., nust
be considered. Factors such as water pressure, water density,
water flow rate, pipe size, nunber of nozzles, nozzle design
(spray pattern), pipe configuration, deluge valve |location, water
travel distance fromnozzle to target detector |ocation, nunber
of detectors, and distance fromdetector to the hazard nust be
consi dered. Where no applicable data exists, experinmental fire
extingui shnment should be perforned in a safe |location. Nozzles
and detectors should be |ocated as cl ose as possible to the
exposed energetic nmaterial to provide the best possible response
time.

11-8



AMC- R 385-100

f. Performance. The deluge system nmust be capable of preventing
propagation of a fire fromthe cell or bay to another. In
conjunction with personal protective equiprment required for workers at
the operation, the deluge systemshall prevent significant injury to
the worker. The workers should not receive nore than first-degree
burns as the result of any thermal threat. The effectiveness of the
del uge system shall be denonstrated by tests against actual or
equi val ent threat. These tests should be conducted with the maxi mum
quantity of energetic material expected to be in the cell or bay. In
lieu of testing, a snall deluge system (design flow of 500 GPM or
| ess) shall have a response tine of 100 milliseconds and a | arge
del uge system (design flow of nore than 500 GPM shall have a response
time of 200 milliseconds or |less, provided the hazard anal ysis
indicates that a faster response tinme is not required. The results of
tests or the use of the 100 or 200 mlliseconds or |ess response
time will be retained on file by the installation for the life of
the system Response tine is defined bel ow

g. Density. The required density will depend upon the type
of energetic material involved, process |ayout, and whether the
aimis extinguishnment, prevention of propagation, prevention of
serious injury, or a conbination of these. A commonly used
density for preventing propagation and structural damage is 0.5
GPM SQ FT. For protection of personnel and process equi pment or
extingui shnent of pyrotechnic materials, significantly higher
density rates may be necessary. These may be as high as 3.0
GPM SQ FT for area coverage or 200 GPM for point of operation
cover age

h. Water supply. An estimate of the maxi mumflow rate and
pressure that would be required by the del uge system shoul d be
made. The capabilities of the existing water supply and
distribution systemto nmeet these requirements shoul d be eval uated.
If the required flow rate and pressure is not adequate, arrangenents
must be nmade to provide the required flow and pressure. The water
pressure necessary for proper functioning of a deluge system nust be
avai l abl e i nstantaneously, usually froman el evated tank or pressure
tank. The instantaneous flow cannot be produced by starting a fire
punp; however, a fire punp can be used to provide the required fl ow
and pressure after the systemhas started to operate. The water
supply should have a duration of at least 15 mnutes. No
all owance is required for hose lines. Al valves on water |ines
bet ween the water main and the deluge systens will be supervised
to ensure the valves are not accidentally cl osed.

i. Explosive vapors, gases, or dusts. Wen explosives vapors,
gases, or dusts may enter nozzles and interfere with their operation
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nonnmetallic internally spring-held caps should be placed on the
nozzl es. The design rmust provide i medi ate rel ease of the cap upon
exertion of water pressure with the nozzle. Caps should be attached
to the nozzles with small nonferrous chains to prevent their loss in
equi pnent upon activation of the deluge system

j .- Manual activation. The deluge val ve should be arranged
for automatic and/or nmanual activation. Manual activation devices
shoul d be located at exits, in addition to the requirenments of
par agraph 5-9, and may be | ocated at the operator's station when the
hazard anal ysis deternines the risk to the operator to be acceptable.

k. Response tine. It is defined as the tine in nilliseconds
fromthe presentation of an energy source to the detection system to
the beginning of water flow fromthe critical nozzle under test. The
critical nozzle(s) is usually located closest to the hazard or as
determ ned by a hazard anal ysis.

| . Measurenent of response time. Two nethods are conmmonly
used to measure response time.

(1) Digital timer. A mllisecond digital timer is started
by a saturated WV source (IR for IR detectors) held directly in front
of the detector and is stopped by the actuation of a water flow switch
at the critical nozzle(s). This nmethod does not neasure the tine |ag
of and water travel tine fromthe nozzle to the target. It is
normal |y used for routine testing.

(2) High-speed video recording system A high-speed
vi deo canera and recorder (at |east 120 frames/second) can be used as
it permits very accurate neasurerment. The time fromignition to
detection and water travel time fromnozzle to target can al so be
measured. The video recordi ng systemcan be used for contract
conpliance or when neasurenent of total response tine is required.

m Testing and nmi ntenance. Deluge systens shall be tested
and maintained per the criteria of TM 5-695 and para 11-18k. A
good preventive mai ntenance programis required to reduce the nunber
of false alarnms and other system problens. Systens in |aid-away or
inactive facilities are exenpt; however, they will be tested when put
back into service. Records of the tests should be kept on file at the
installation.

(1) A full operational flow test shall be conducted at
interval not to exceed 1 year, including neasurenent of response tine.
The results of tests will be retained on file by the installation for
the life of the system
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(2) Detectors shall be tested, inspected for physical damage
and accurul ation of deposits on the | enses at |east nonthly.

(3) Controllers will be checked at the start of each shift for
any faults.

(4) Valves on the water supply line shall be checked at the
start of each shift to ensure they are open. Unless the valve is
secured in the OPEN position with a | ocking device or is nonitored by
a signaling device that will sound a trouble signal at the del uge
system control panel or other central |ocation

n. Melt kettle and cl osed containers of nolten expl osives.
They will normally not be equipped with internal flame detectors
or deluge nozzles for the follow ng reasons: The detector |enses
or viewing ports are usually obstructed by nolten expl osives or
nmoi sture; the internal tenperature of the kettle or container usually
exceeds the maxi mum operating tenperature of flane detectors
(typically 150 degrees Fahrenheit); the adverse and potentially
violent reaction of water from|eaks and condensation with nolten
expl osi ves, especially those containing materials such as powdered
al um num and powdered nagnesi um and the adverse effect of |arge
quantities of cool water hitting the nolten explosives. The exterior
of the kettles and cl osed contai ners should be protected by ultra-
hi gh- speed del uge systens, especially openings where materials are
pl aced in them The hazard anal ysis requirenments of paragraph 11-18d
must be consi der ed.

11-9. Firebreaks in Ranps. a. The need for firebreaks and or
installed fire protection systens in conbustible conveyor galleries
and ranps nmust be addressed on a case-by-case basis. The primary
concern is to prevent propagation frombuilding to building via the
galleries or ranps.

b. Conbustible ranps that are totally enclosed, partially
encl osed, and open sided should be provided firebreaks as
fol | ows:

(1) Ranps not over 300 feet shall have a 30-foot firebreak in
the center of the ranp.

(2) Ranps over 300 feet shall have a 30-foot firebreak
|l ocated within 100 feet of each building serviced by the ranp.

c. Nonconbustible ranps do not require firebreaks.
d. If the fire hazard is severe, a deluge system may al so be

required to prevent propagation of a fire frombuilding to building
via a conbustible ranp. The need for deluge systens shoul d be
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eval uated by neans of a hazard analysis. Flanmable and conbustibl e
material will not be stored in conbustible ranps.

11-10. Control of Wax Pots. a. Al wax pots, regardl ess of size,
must be equipped with pilot Iights and nust be placed on
nonconbusti bl e surfaces.

b. Wax pots with a capacity in excess of 1 gallon nust be
equi pped with dual tenperature controls.

c. A wax pot of 1 gallon or less capacity need not be equi pped
with dual tenperature controls provided--

(1) The operator is in constant attendance while the
electrical switch is in the ON position.

(2) The wax pot is isolated by nonconbustible partitions or by
adequat e distances so that a fire involving the wax pot will be
prevented from spreading to other areas.

11-11. Portable Hi gh-Speed Deluge Systens. a. The portable ultra-
hi gh- speed del uge systemis a self contained fire protection system
used to protect short-run (usually lasting | ess than a week)

amruni ti on operations involving production, maintenance, renovation,

dem litarization, and surveillance. The portable deluge will nornally
utilize at least two detectors and two nozzles and a pressurized water
tank. It is designed to provide spot protection such as the renoval

of propellant increnents froma nortar round or dunping of propellant
froma cartridge case into a hopper or container

b. The water supply of the portable deluge systemis very
limted (typically 100 gallons). Wenever possible, a backup water
supply shoul d be provided. This can be done by tieing into the
buil di ng water supply system The first choice is an existing fire
protection system The second choice is the donestic water supply.
The connection between the portabl e del uge and the buil di ng water
supply can be acconplished by neans of a flexible hose, simlar to the
hose connection on a fire department standpi pe system \Wen this is
not feasible, the use of a second pressure tank shoul d be consi dered.
The primary purpose of the backup water supply is to prevent re-
ignition of the energetic material after the flanes have been
exti ngui shed.

c. \enever possible, the portable deluge system should be
tied into the building fire alarm system

d. The portable ultra-high-speed deluge systemis intended for

use in short duration operations and may not be used as a substitute
for installed ultra-high-speed del uge systens.
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CHAPTER 12

SPECI FI C CHEM CALS

12-1. Ceneral. This section covers specific chem cals used at

AMC installations. It provides basic guidance for the establishnent
of local Safety regulations. Publications Iisted below are acceptabl e
as guides in the formul ati on of safety standards except where they
conflict with the requirements of this regulation

a. DOD 4145.19-R- 1, Storage and Materials Handling.
b. Material Safety Data Sheets (MSDSs) .
c. Chenical Data Sheets, National Safety Council.

d. Liquid Propellant Handling, Storage and Transportation
CPI A publication No. 194 dtd 1970.

e. Patty's Industrial Hygi ene and Toxi col ogy.

f. Industrial Fire Hazards Handbook

g. Dangerous Properties of Industrial Materials - Sax.
h. NFPA National Fire Codes and NFPA Standards.

i. 29 CFR 1910 Subpart Z.

12-2. Buildings Constructed for Acids. Buildings where acids are
stored, handled, or used should be built of materials resistant to
the action of the vapors produced or of the liquids thenselves.
Exanmpl es of such materials are acid-resisting brick, tile, asphalt-
pai nted concrete, acid-resisting cenent and steel covered with acid-
resistant coatings. Use of wood and ot her carbonaceous naterials
shoul d be avoided. Floors should be acid-resistant material, sloped
to drains that are connected to sunps. Drains fromthe sunps shal
not be connected to the industrial and sanitary sewers. 1In lieu of
drains, floors may be constructed with acid proof retaining walls to
prevent the escape of acid should | eaks occur. Earth floors should
have di kes, and should be covered with crushed |inmestone sized froml
inch down with not nore than 10 percent |ime dust.

12-3. Acid storage. a. GCeneral. Acids are often stored in the
drunms or carboys in which they are received at the establishment.
These containers shall be stored in a cool dry place away fromthe
direct rays of the sun and other heat sources. Because of the
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potential hazard of igniting hydrogen gas which is generated by the
action of certain acids when stored in nmetal tanks or drums, the use
of heat producing equi pment should be controlled as outlined in DA PAM
385- 64 paragraph 3-7a. For storage of concentrated sulfuric acid, the
tenperature shoul d be maintai ned above its freezing point. Certain
strong oxidi zing aci ds shoul d be isolated to positively prevent m xing
with other stores. Such mixing nay create an extremely hazardous
condition involving fire or explosion; e.g., perchloric acid should be
isolated fromacetic, citric, nitric, and sulfuric acid. Special
properties of individual acids should be taken into account when

desi gning storage | ocations and establishing storage procedures.
Exanpl es of such properties are the ability to cause nitration, the
ability to form hazardous m xtures with other chemicals, and the
reaction with water.

b. Tanks. Storage tanks should be located to pernmt conplete
i nspection of the tanks, piping, valves, etc. They should not be
| ocated in areas containing underground tanks, highly flamable
materials, or chenicals which can react with the acid to form
dangerous products. Overflow lines fromthe top of storage tanks
shoul d be installed and equipped with a fl ow detector and alarmto
gi ve war ni ng when overfl owi ng occurs. Tanks shoul d al so be equi pped
with an external gauge to show the quantity of acid in the tanks. New
tanks shoul d preferably be designed using punps to transfer acid from
the top of the tank to provide a nore positive nmeans of transfer
Tanks with bottomoutlets should be equi pped with standard safety
pl ugs. Tank areas should be suitably diked.

c. Carboys. dass carboys should be elevated fromthe floor to
keep the bottonms of the crates dry and prevent rotting. Carboys may
be stored in tiers not over two high with care taken to ensure that
the bottoms of the upper row do not touch the gl ass necks or the
wooden hoods of the | ower carboys. At |east one side of each carboy
must be exposed to pernmit detection of |eakers. Generally, when
shi pnents of acids in glass carboys are received, the stoppers should
be | oosened carefully and then re-tightened. Carboys constructed of
mat eri al s other than glass rmust be stored in such a manner that the
carboys are not damaged and to permt inspection for damaged or
| eaki ng cont ai ners.

12-4. Handling Acids. a. General

(1) Handling and transfer of acids should be kept to a
m ni mum \Where possible, acids should be procured in containers that
are suitable for operational use. Handling by punps is preferred to a
gravity system Wth either nmethod, the piping should be arranged so
that the liquid will drain out of the piping when the supply punp is
shut down, or when the discharge val ves are cl osed.
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(2) Transfer by conpressed air systenms or blow cases is
the | east desirable nmethod. Bl ow cases should be designed to conform
to the ASME "Code for Unfired Pressure Vessels.” Unless the vessel is
constructed to withstand main |ine pressure, a pressure reducing valve
shall be installed between the main air |ine and the pressure vessel
A check val ve should also be installed on the air line to prevent acid
frombeing drawn into the air line after the pressure is relieved. 1In
addition, a safety valve and pressure gauge shall be installed between
the reducing valve and the vessel. Because of the corrosive effect
of the acid on the valve, safety discs may be used in place of
safety valves. Conpressed air systens will be inspected at frequent,
regular intervals. Blow cases shall be located in pits which shall be
kept dry. Blow cases shall be inspected internally and externally
periodically by qualified personnel and shall be tested frequently for
| eaks. During actual blow ng operations, all enployees should retire
fromthe imediate vicinity and the apparatus operated froma
protected position. A signal light or horn shall be used to warn
enpl oyees that the equipnent is in operation

(3) Acid punp glands, valves and fittings nust be approved for
the type of service. Punp and val ve packing nust be conpatible with
the material being handled; e.g., when mxed or nitrating acids are
bei ng handl ed, punp and val ve packi ng nust be of a naterial that is
not subject to nitration. Acid punp glands, flanged fittings and
val ve stens shall be provided with splash shields or collars where
personnel are exposed to potential |eaks or sprays from equiprent.

The use of transparent splash shields will facilitate the finding of
| eaks. Danger signs shall be posted to indicate active |eaks until
the repairs can be nade.

b. Tank cars. Wen |oading or unloading tank cars, warning
signs (blue flags) nust be placed on the railroad tracks at both
ends of the car. Al valves in the line fromthe tank cars to the
storage tank should be checked to make certain they are in the proper
position for the flow A rigid pipe with several joints should be
used to connect the tank car to the pernmanent line. At the conpletion
of the transfer, the pipe used to connect the car and the pernanent
I'i ne shoul d be washed thoroughly.

c. Carboy handling. Carboy trucks, inclinators or special
carriers should be used in the manual handling of carboys of acids.
Inclinators, safety siphons, or punps that do not apply pressure to
the container will be used to enpty carboys. Enptied carboys shoul d
be inverted and thoroughly drained.

d. Protective equipnent.
(1) Al enployees (acid workers who handl e acids on a regul ar

basis) shall be provided with approved rubber gl oves, boots, goggl es,
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aprons and hats. 1In all cases, the mininmum protective equi pment when
usi ng acids shall be acid proof goggles and rubber gloves; i.e., when
filling a battery with acid. Acid workers shall wear wool en or other

approved type outer clothing. Were acid funes have a toxic,
corrosive or asphyxiating effect, suitable approved respirators wll
be worn.

(2) Safety showers with integral eye washes (designed to
deliver large quantities of water w thout subjecting personnel to
excessive pressure fromwater spray) equi pped w th quick-operating
val ves shall be readily available for renoving acid spilled on
enpl oyees. Such showers and eye washes shall be easy to operate by a
tenmporarily blinded person, capable of functioning under all weather
conditions and be tested nonthly and prior to the start of operations
for proper operation of valves/controls and water flow

(3) Eye-wash squeeze bottles and other such plastic
devi ces are not appropriate enmergency eye-wash systens and shoul d
not be used under any conditions.

(4) In all areas requiring an emergency eye-wash capability,
every effort will be made to install pernmanent eye wash fountains.

(5) No portable eye-wash fountains will be permtted in
areas where a chenical splash hazard exists and where there is a
continuous source of clean water avail abl e.

(6) Portable eye-wash fountains may be allowed in renote
areas when no continuous flow of fresh water is avail able, when the
installation of a fresh water systemis not econonically feasible, and
when the hazard to chemical splash is mininal, e.g., in bulk storage
ar eas.

(7) Portable eye-wash stations nmust neet the requirenents
of ANSI Z358.1.

e. Repairs to equi pnent.

(1) Before a pipeline, punp, or other equi pnent exposed
to acid is dismantled for repairs, it shall be conpletely drained
and washed down with water. In breaking a flange, the bottombolts
shal | be | oosened first and the first Iine allowed to sag slightly,
permitting the liquid to run out by gravity. Wen repairs are
completed, all spilled liquid shall be carefully washed away with
water. All chem cal pipelines shall be considered as containing
liquid unless proved ot herw se.
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(2) A careful check shall be nade to see that all pressure is
relieved and all necessary valves, switches, etc., are properly tagged
or locked to prevent accidental application of pressure or the
introduction of acid into the line. The installation |ockout/tagout
programw || be followed. Particular attention should be paid to
branch lines where pockets nay exist. All punping on the system
connected with parts under repair should be stopped with starters
tagged and | ocked unless blank flanges are installed in the lines to
cut off the affected parts fromthe punp.

(3) Two types of hazards exist in repairing used stee
acid tanks. If all traces of weak acid and weak acid sludge are
not renoved, the weak acid reacts violently on the nmetal causing
the generation of gases which may result in an explosion if
welding is carried out on the tank, or if nen work inside the
tank, serious poisoning fromthe gases may take place. The tank
shoul d be washed out and then filled with water and drai ned

before repairs start. If all acid is not renmoved, it may be
necessary to resort to soda ash solution and steam fol | owed by
filling with water, etc. |If entry into a tank is required,

confined space entry programrequiremnments nmust be net.

f. Neutralizing spills. Slaked (hydrated) linme shall be
made avail able for neutralizing large quantities of acid in event
of a spill. For cleaning acid fromfloors or equipnent, a 10 to
20 percent solution of sodium bicarbonate is satisfactory.
Neutral i zati on generates heat and nust be used with great care
when |l arge quantities of acid are involved. Al places nade
slippery by acid shall be adequately neutralized with soda or
other al kaline solution and washed with water to conpletely
remove the acid contamination

g. First aid treatnent. Inmediate first-aid treatnent for
all acid burns, except fromoleum consists of flushing the
affected parts with copious quantities of clean water. O eum
shoul d be wi ped off first before flushing with water. First-aid
treatment should be administered by fully qualified, well-trained
per sonnel

h. Mxing acid with water. Wen diluting a significant
quantity of acid with water, the acid shall be added to the water
and never vice versa. Acid should be added slowy wth
agitation. Simlar precautions should be taken when using a weak
acid instead of water as a diluting agent. Thorough m xing
shoul d be acconplished, particularly in a steel tank
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12-5. Mxed Acids. Mxed acids refer to nmixtures of sulfuric and
nitric acids used in the nitration of various expl osives constituents.
Car boys of m xed acids sonetimes rupture violently due to the pressure
of liberated gases. M xed acids can start fires and cause expl osions
by generated gases, and give off poi sonous oxi des of nitrogen. M xed
acid containing not |ess than 10 percent of nitric acid will not
freeze at ordinary tenperatures and will not actively attack stee

st orage tanks.

12-6. Waste Acids (Spent Acids). Wiste acids usually contain snall
anounts of nitrobodi es and dust present the hazard of explosive
material. Spent acid fromthe manufacture of nitroglycerinis
particul arly hazardous.

12-7. xidization Agents. Exanples of inorganic oxidizing agents are
the chlorates, perchlorates, peroxides, and nitrates of barium

sodi um potassium strontium amonium etc. O ganic oxidizing agents
such as nitrobenzene are often violent explosives. Oxidizing agents
in the pure state present only a fire hazard but because of their
ability to furni sh oxygen, the hazard is greatly increased and viol ent
expl osi ons may occur when they are m xed or contami nated with even
smal |l quantities of certain carbonaceous and conbustible materials
such as wood, paper, netal powders, sulfur, etc. The violence of
reacti on depends upon subdivision, intinmcy of mxtures, degree of
cont ami nation, degree of confinenment and the type of initiation

af forded. Inpregnation of combustible materials including

| eat her shoes, clothing, etc., with dust or solutions of oxidizing
agents is equally dangerous as an intinmate mixture of finely divided
oxi di zers and fuels. The mxtures described are very sensitive to
heat, friction, and inpact.

12-8. Handling oxidizing agents. a. xidizing agents shall be
stored and processed only in roons or buildings of fire-resistive
construction. They shall be separated from supplies of fuels,
flammabl e materials, netal powders, and acids until the process
requires incorporation. Rooms used for processing oxidizing

agents shall not be used for the processing of fuels or conbustible
mat eri al s, including metal s powders.

b. Equi pnent for the processing of oxidizing agents shall not be
used for the processing of fuels, flamuable substances, netal powders,
etc. Processing equi pnent for oxidizers should be constructed of
nonconbusti bl e materials only.

c. Solutions of oxidizing agents shall be placed only in
nonabsor bent and nonconbusti bl e cont ai ners.
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d. Danmmged conbustible containers shall not be repaired in
the storage buil ding because they nmay be inpregnated w th oxidizing
agent and ignited during repairs. Discarded containers should be
burned in the open and should not be sold for other uses. Conbustible
containers inpregnated with oxidizing agents burn fiercely if ignited
and may expl ode.

e. Enpl oyees handling oxidizing agents shall wear flame
resistant clothing as a mninum protection. The clothing shal
be stored in netal cabinets when contami nated. Cothing shall be
| aundered frequently to mininze the hazard.

f. Spills of small quantities of oxidizing agents during
processing nmust be cleaned up i mrediately. Such spills shall not
be salvaged. |If large quantities are spilled, the uppernost
| ayers nmay be salvaged if there has been no opportunity for it to
have becone contam nat ed

12-9. Chlorates. a. Chlorates mixed with sulfur, sulfides or

other readily oxidizable material may result in spontaneous ignition
Sul fur presents a greater hazard than sulfides. The addition of
phosphorus to a sulfur-chlorate m xture produces an even nore
dangerous conposition. Shellac, potassiumor sodiumnitrate with
petrol eum deri vatives, and powdered netals render chlorates sensitive;
and nmixtures of trinitrocresol or picric acid and chlorates shoul d be
avoi ded since they are particularly sensitive. Chlorates nust never
be m xed with anmoni um salts since the ammoni um chl orate which may be
formed may expl ode spontaneously. Miisture to the extent of 0.5
percent or nore in mxtures containing chlorates is regarded as a
contributing el enment of danger due to the possible formation of
chloric acid.

b. In any of the above described m xtures, the substitution
of sodiumchlorate for potassiumchlorate increases the hazard

c. Ammoni um chl orate deconposes spont aneously and when ni xed
with perchlorates constitutes a major hazard.

d. Bariumchlorate is very toxic in contact with the skin,
when inhal ed as a dust and when ingested. It is the consensus that
barium chlorate is nore dangerous than potassiumchlorate for storage.

e. Zinc chlorate when in contact with certain organic nmaterials
wi || expl ode under the influence of slight friction, percussion, or
shock. It is a serious hazard to life when involved in a fire.

f. Containers for shipping and packing chlorates are described
i n paragraph 12-14b.
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g. Storage of chlorates should be arranged to preclude contact
with other conbustible organic or inorganic material. Broken or
damaged contai ners should be renoved and spilled material swept up
pronptly and destroyed.

h. Fires involving chlorates should be fought with solid streans
of water or with water fog, dependi ng upon circunstances. The use of
solid streans enables fighting the fire froma greater distance but
i ntroduces the possibility of steam expl osion agai nst which
precautions nust be taken. Water fog offers the advantage of quicker
cooling. Its nornal snothering action, however, is obviated by the
ability of chlorates to furnish oxygen to the fire.

12-10. Perchlorates. Perchlorates formslightly Iess sensitive
m xtures than do chl orates and shoul d be substituted whenever
possi bl e. Advantages of using perchlorates include a | esser
sensitivity to inpact and friction, the nonformation of a free
aci d when noisture is present, and greater safety in the event of
acci dental contact with weak aci ds which formthe principal part
of many of the guns such as rosin used in binding pyrotechnic

m Xt ures.

a. Ammonium perchlorate alone is an explosive but is
exploded with difficulty. It is stable at ordinary tenperatures,
but decomposes at a nmintained tenperature of 302 degrees
Fahrenheit (150 degrees Celsius). It has the same degree of
sensitivity to inpact as picric acid. It beconmes a high
expl osi ve when mxed with flamuable nmaterials and netal powders.

b. Al danaged and broken containers nust be renoved from
the storehouse and spilled material swept up pronptly and destroyed.

c. Fires involving perchlorates alone may be fought with
wat er .

12-11. Peroxides. a. General. Solid peroxides deconpose easily in
the presence of noisture to |liberate oxygen and must, therefore, be
stored in a cool dry place. They present a dangerous fire hazard,
particul arly when incorporated with conbustible materials. Sodi um
peroxi de nust be protected fromcontact with water in as nuch as it
then beconmes expl osive. Hydrogen peroxi de of approximately 30 percent
strength is unstable, |iberates oxygen, and exhibits nmuch the sane
characteristics as the solid peroxides.

b. Fires. Fires involving peroxides, except sodium peroxide,

may be fought with water. Sodi um peroxide fires nust be snothered
with sand, ashes, dirt or rock dust.
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c. Oganic peroxides. For information and precautions to
be taken with organi c peroxi des such as benzoyl peroxi de and
met hyl ethyl ketone (MEK) peroxide, see NFPA 33, paragraph A-14;
and NFPA 43B

12-12. Nitrates. a. GCeneral. Mny nitrates are not flammable in
thenselves. They are usually stored in wooden boxes, kegs, or
barrels. Amoniumnitrate, however, is normally shipped in special
wat er proof bags or netal containers. Bariumnitrate is sonetines
stored in iron druns. Regardless of the type of container it nust be
nmoi sture proof and nitrates nust be stored in a dry place since they
cake in the presence of noisture.

b. Ammoniumnitrate.

(1) Amoniumnitrate in confinenent sonetines detonates
with the violence of a high explosive but a relatively heavy
initiator is ordinarily required. Ammoniumnitrate will deconpose
when heated. Contanination with chlorides, sulfur, nitrobodies,
charcoal, metallic nitrates, nmetal powders, petrol eumderivatives and
oxi di zabl e carbonaceous materials sensitizes ammniumnitrate,
accelerates its deconposition, and increases the violence of the
reaction. Zinc or lead contam nation |owers the deconposition
tenperature to 200 degrees Fahrenheit (93.3 degrees Celsius).
Gal vani zed netals and | ead sol der nmust not, therefore, be used in the
vicinity of amonium nitrate operations. The burning of anmoni um
nitrate and conbustible material, as for exanple wood or paper
containers, has been said to produce a m xture of gases which under
proper conditions of pressure nay detonate with sufficient force to
initiate the detonation of amoniumnitrate. Fires involving
ammoni um nitrate nust be vented to the greatest practicable extent
because air acts as a diluent for the hazardous gases, mininizing the
probability of explosion

(2) In high pan (evaporating) operations, deluge systens
must be provided over the pans for use in case of fire. Tenperatures
used to heat the liquor shall not exceed 317 degrees Fahrenheit
(saturated steamat 100 psi). Hi gh pan operations nust be |ocated at
class 1.1 distances from adj acent structures other than the graining
buil ding. The graining building, however, nust be protected fromthe
hi gh pans by an approved barricade. The class 1.1 distances specified
above may be based on the maxi mum quantity of amoniumnitrate
contai ned in any one high pan

(3) Fires involving nitrate should be fought with | arge

quantities of water but never with streans. Solid hose streans
enable the fire to be fought froma greater distance but introduce the
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hazard of steam explosion particularly if the nitrate is nolten
therefore, the hose streams nmust be directed from behind a protective
barrier. Under some circunstances where the fire is in the incipient
stage and accessi ble, water fog may be used to advantage but it wll
have no snothering action since the burning naterial provides its own
oxygen.

(4) Storage of ammoniumnitrate in expl osives storage
magazines is preferred. Wen stored in an area where there is a
possibility that explosives nay be projected into the nitrates,
the regulations for class 1.1 explosives are applicable. Wen
stored in an area with fire hazards only and separated by nore
than intraline distances fromareas containing amrunition, anmmoni um
nitrate may be stored per the regul ati ons governi ng the storage of
class 1.3 solid propellant.

(a) Buildings, other than earth-covered nagazi nes, used for
the storage of ammnium nitrate nust be of a type easily vented in the
event of fire in order that the gases produced during conmbustion, and
consi dered potential sources of explosion to the commodity, are
di ssi pated. The floors of such buildings nmust be of a type to prevent
hazar dous i npregnation by the nitrate.

(b) Stacking within storage buildings other than earth-
covered nmagazi nes should anticipate stacks no larger than 12 by 12
feet plan dimension, and not higher than 7 feet. Aisles not [ess than
3 feet wide nmust be mmintai ned around each stack and between the sides
of the building. The use of wood dunnage should be restricted to
reduce the quantity of conbustible materials present.

(c) Broken packages or containers shall be renoved fromthe
buil ding and the spilled material swept up pronptly and destroyed.

12-13. Powdered Metals: Alum num Magnesium and Al um num All oys. a.
Since a rise in the tenperature of netal powders can result from
contact with water and ignition may ensue, all practicable precautions
must be taken to prevent water fromcontacting the material. Al
bui | di ngs where powdered netals are stored or processed nust be
adequately vented at the highest point of the roomor building to
prevent the accumnul ati on of evol ved hydrogen gas which results from
the reaction between powdered netal s and noi sture, except when stored
in watertight containers.

b. Exposed material which may be at a | ow tenperature shoul d be
brought to or near the roomtenperature under conditions of |ow
relative hum dity before being placed in the operating room
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c. Heating equipnent (to be approved for safety by the Safety
Ofice, prior to installation) nmust be installed in service nmagazi nes,
where required to bring the closed containers and contents to a
tenperature approxi mating that of operating buil ding.

d. Hum dification as a nmeans of reducing the potential of
el ectrostatic discharge. National Fire Protection Association article
77, "Recomended Practices on Static Electricity (1983)," states that
hum di fying to control electrostatic discharge will work only if the
surfaces involved can absorb water (absorbing water decreases
resistance to current flow aiding dissipation to ground). Therefore,
the central question is "Are any of the surfaces in the discharge path

capabl e of absorbing noisture?" |If the answer is "NO " give no
further consideration of hunmidification as a nmeans of control of
el ectrostatic discharge. |If the answer is "YES' further analysis

focused on how humi dification may hel p and what alternatives m ght be
avail abl e to acconplish the sane end is appropriate. Hunidifying to
control electrostatic di scharge should be used only when ot her

met hods are not practical

e. Operators nust be cautioned to wear sweatbands on their
foreheads and take other precautions to avoid perspiration falling
upon powdered netals.

f. Care must be exercised regarding the location of pipes to
prevent droplets of water from form ng by condensati on upon cold pipes
and falling upon hazardous material. The possibility of |eaking water
pi pes causing ignition should not be overl ooked.

g. Powdered netals in netal containers with tight covers may be
stored in general warehouses provided that they are renote from
oxi di zi ng agents. The storage place nust be dry.

h. When conmpounded with oxidi zi ng agents, powdered netals
present a dangerous fire and expl osi on hazard.

i. Very fine suspended dust from powdered netals is an expl osive
hazard conparable to that of explosive gases and nay be easily
initiated by discharges of static electricity.

j. Powdered netals exposed to air are dangerous fire hazards and
burn with intense heat. Wen in drunms, in all probability the fire
will confine itself to the place of origin if not disturbed, since
experience indicates that it will be effectively blanketed by the
metal lic oxide formed by the burning.

k. The anmpbunt of powdered netal which nmay becone invol ved
inafire should be limted. Fires nust not be fought with
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ordi nary streans of water because of the danger of |iberating |arge
quantities of hydrogen gas which may be a severe expl osion hazard.
Fires involving small quantities of powdered nmetals nmay be
successfully conbated with a fog nozzle or specially designed
conmmer ci al extingui shing powders applied gently so as not to

spread the fire. |If large quantities of powdered netals becone
involved in a fire and escape fromtheir storage containers, fire-
fighting efforts must be primarily directed to prevention of fire

spreading to other facilities. |In certain |ocations where friction
sensitivity is not of concern, snothering fire with sand may be
effective.

. Proper personal protective equi pnent shall be provided
for personnel handling powered netals.

m  Conpetent personnel only shall be permtted to repair or
mai ntai n buil di ngs or equi pmrent where netallic powders are invol ved,
and then only with the follow ng precautions: powder or dust nust be
renoved, nonsparking tools rmust be used, hamrer inpacts that may cause
sparks must be avoided, flashlights should be of approved type,
equi prent must be grounded, undue friction nust be prevented, and open
flames nust not be used. See NFPA National Fire Codes and NFPA
St andards Nos. 63 and 48.

n. Zirconi um powder has been known to explode violently when in
contact with cupric oxide or lead oxide. Oher netallic powders
exhibit this property under certain conditions. NFPA 491M contai ns
useful information regarding reactions between netallic powders and
ot her cheni cal s.

12-14. Charcoal. a. Charcoal is subject to spontaneous ignition in
the presence of noisture although pit charcoal is less likely to react
than the chem cal byproduct charcoal, and softwood charcoal is |less so
than hardwood charcoal. The follow ng conditions pronote the

spont aneous ignition of charcoal: forced cooling after burning;
drying after absorbing npoisture; contact with alcohols and oils, and
particularly charcoal in which a fire has been exti ngui shed.

Pul veri zed charcoal is a definite fire hazard. The gases from burni ng
charcoal contain carbon nonoxi de and are toxic.

b. Permanent or reserve storage of |large quantities of charcoa

is not recomrended. Bulk storage of charcoal is prohibited. It
shoul d be stored in airtight containers or in bags piled in tiers with
skel eton or gridwork floors between tiers to provide ventilation. It

shoul d be isolated and renpte from oxidi zi ng agents.

12-15. Sulfur. a. Sulfur compounded with chlorates and severa
ot her oxidizing agents fornms highly sensitive explosive nixtures.
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Sul fur presents a spontaneous ignition hazard when nmi xed with carbon
| anp bl ack, fats, and oils. Burning sulfur produces toxic gases and
fumes.

b. Sulfur may be stored in wooden boxes, kegs, or barrels.
Large quantities may be stored in bulk. It should be isolated and
remote from oxidizing agents with which it forms highly sensitive
expl osi ve m xtures.

12-16. Degreasing. a. |In degreasing operations chlorinated
hydrocarbons nay be used if care is taken to prevent water and

moi sture fromgetting into the degreasing agent and to assure that the
magnesi um al um num or other netal pieces being processed are dry
before entering the tank. Water hydrol yses chlorinated hydrocarbons
to formhydrochloric acid. A reaction takes place in the bottom of
the degreasing tank, heat is generated, and a serious fire or

expl osion is created.

b. Al chlorinated hydrocarbons are toxic to some extent.
Wher ever possible the | east toxic chlorinated hydrocarbon or a
different type of solvent should be used.

c. Welding operators shall be segregated from area where
hal ogenat ed degreasing is perfornmed. Toxic carbonyl conpounds may
result fromvapors in the presence of ultraviolet light from welding.

12-17. Industrial gases. a. Conpressed gas cylinders will be stored
and handl ed per AR 700-68. Al cylinders shall be adequately secured
agai nst acci dental displacenent. Wen cylinders of flammble gases or
oxygen are stored out-of-doors, a separate storage facility shall be
provided. Storage facilities of over 6,000 cubic feet total capacity
shall be at lest 25 feet fromany inportant building and facilities
with a capacity in excess of 15,000 cubic feet shall be at |east 50
feet fromany inmportant building. Cylinders should be stored in
groups as snmall in area and height as is practicable, with aisles

bet ween groups wi de enough to mninize the spread of fire. Cylinders
shall be arranged to permit inspection at periodic intervals.

Def ective or |eaking containers shall be renmoved i mediately from

the storage area or area of use. Covers of nonconbustible or fire-
retardant materials should be used to protect cylinders fromthe
direct rays of the sun and accumul ati on of ice and snow. Tarpaulins
used as covers nust be flame-resistant. Ventilation nust be provided
under outside storage covers to carry off gas | eakage. An airspace of
at least 18 inches shall be provided between the cover and the
cylinders to keep the tenperature of cylinders bel ow 125 degrees
Fahrenheit. Enpty cylinders shall be stored with valves cl osed and
caps in place. Anhydrous anmonia cylinders shall be stored per Title
29 CFR 1910. 111 - Storage and Handling of Anhydrous Ammoni a.
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b. Oxygen may create a dangerous fire hazard it if escapes
or leaks into conbustible materials. Conpressed oxygen in the
presence of oils and greases is alnost certain to cause fire.

c. Hydrogen, acetylene, natural and sinilar gases form
expl osive mixtures with air. Were hydrogen and acetyl ene are
used together, special equipnent conplying with pertinent industria
st andards must be provided. Buildings where cylinders of hydrogen and
acetylene are stored should be isolated and used solely for that
pur pose when practi cabl e.

d. |If a patient is unconscious from prol onged exposure to
amoni a gas, he should be renoved to fresh air and given artificial
respiration. Skin burns should be flushed with water and nedica
treatment shoul d be obtained pronptly.

e. Containers of conpressed gases shall be handl ed carefully to
avoi d striking them agai nst any solid object; comopn wire rope slings
and el ectromagnets are not suitabl e equi pment for safe handling.

f. Smoking shall be prohibited within 50 feet of conpressed
gas cylinder storage and "No Snoking" signs conspi cuously posted.

g. DOD owned conpressed gas cylinders shall be narked per
M L- STD- 101B, Col or Code for Conpressed Gas Cylinders and Pipelines.

12-18. Flammble Solids. Guanidine nitrate, dinitrophenol, DNT

and di nitrobenzene are sonetinmes consi dered | ow expl osi ves. These
materials are stored in wooden boxes or barrels lined with noisture
proof paper. They are preferably stored in nagazines, but, in any
event, must be stored in a fire-resistant |location. Wen strongly
initiated they may act as explosives. Dinitrobenzene is toxic.

Di ni trophenol may expl ode at el evated tenperatures. It is extrenely
toxic and respiratory equi pnent nay be required as well as gl oves and
special clothing to avoid skin contact.

12-19. Volatile Flammble Liquids. a. Conmon exanples of
volatile flammble |iquids are ether acetone, gasoline, ethyl

al cohol, nethyl al cohol (wood al cohol), benzene, toluene, xylene
and anyl acetate. These liquids are quite volatile and at room
tenperature, if unconfined, may evol ve vapor in concentrations in
air within the explosive range for the vapor concerned. Ethyl
and i sopropyl ethers have a tendency to form expl osive peroxides,
especi al | y when anhydrous. Evaporation to near dryness nust be
prevented. Volatile flammble |iquids nust not be used to wash
or clean equi pnent or parts of buildings except where specifically
aut hori zed as process requirenents.
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b. Sonme flanmable |iquids such as linseed oil, paints, varnishes
and enamel s may, under certain conditions, be subject to spontaneous
ignition and must be kept where any heat produced will readily
di ssipate. They shall also be kept away from sources of heat. Only
nonconbusti bl e sweepi ng conmpound shoul d be used for cleaning up
materials of this type

12-20. Calcium Carbide. Small quantities of cal cium carbide may
be stored in general warehouses in airtight tin cans or iron
drums. A separate building of nonconbustible construction, or
det ached weat her proof shed should be used solely for the purpose
of storing large quantities of this material. The storage place
should be dry and well ventilated and special precautions should
be taken against noisture. Calciumcarbide in itself is a slight
fire hazard, but reacts violently with water to |liberate |arge
quantities of acetylene gas which form explosive mxtures with
air.

12-21. Carbon Tetrachloride. Carbon tetrachloride nay be stored

in general warehouses in airtight drums. It is very toxic and

its use shall be avoi ded whenever possible by substituting chenicals
of lesser toxicity. Where carbon tetrachloride is used under
control |l ed supervision, adequate ventilation nust be provided to
reduce vapor concentrations to a safe limt for workers. Since this
vapor is heavier than air, exhaust intakes should be |ocated at or
near the floor. Carbon tetrachloride is not combustible but gives off
t oxi ¢ vapor.

12-22. Sodi um Hydr oxi de (Caustic Soda) - and Pot assi um Hydroxi de.
These materials may be stored in general warehouses in airtight iron
drums. Permanent storage of large stocks is not recomended. These
chem cal products may becone a fire hazard when nixed with nitro-
compounds or other material. They are also very corrosive and caustic
in their action. Wen mxed with water, large quantities of heat are
evol ved.

12-23. Metallic Sodium Metallic sodiummay be stored in airtight
steel druns. It reacts violently with water, |iberating hydrogen gas
and evol ving heat, producing a very serious fire and expl osi on hazard.
Sodi um nay al so be stored under kerosene or nitrogen, but never

chl ori nated hydrocarbons.

12-24. N trocellulose and Derivatives. Nitrocellul ose includes
various types of nitrated cotton or wood pul p dependi ng on the
nitrogen content. Nitrocellulose when dry is extrenely sensitive
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to shock and friction and readily accumul ates static charges. It
is highly flammabl e and expl osi ve, burning rapidly producing very
little smoke or residue. Inpure, it is subject to spontaneous

ignition. Storage of dry nitrocellulose is not permtted as it
possesses all the hazards of a sensitive and easily ignited high
expl osive. Nitrocellulose containing 25 to 30 percent noisture is
stored in zinc lined boxes or netal drums and is substantially
nonexpl osi ve when stored in an area where expl osives or

ammuni ti on cannot be projected into it.

12-25. Red Phosphorus (RP). Red phosphorus forns very sensitive
m xtures with oxidizing agents and is a dangerous fire hazard.

It may be stored in general warehouses in netal drums or neta
contai ners enclosed in wood boxes. Phosphi ne gas may be forned
in containers of red phosphorus and protective measures shoul d be
enpl oyed upon opening. |If RP has been in a fire, it nust be
stored in the same manner as WP wast e.

12-26. Pentachl orophenol (PCP). Material treated with PCP and

dried properly, represents a m ni mum hazard to personnel. It

shal I, however, be handled with caution and skin contact or inhalation
prevented. Personnel nust wear |eather pal ned gl oves for handling al
properly dried treated itens. Such gloves, and all clothing which
contacts the treated itens shoul d be replaced or |aundered frequently
to prevent accumul ati on of PCP. Rubber gloves and aprons shall be
worn to prevent physical contact with material showi ng areas of

wet ness or tackiness or evidence of PCP crystallization on the
surface. Personnel shall not eat, drink, or snoke in areas containing
PCP. Personnel shall also wash prior to eating, drinking, or snoking
and after each shift. An obvious odor of PCP, or irritation of the
eyes, hose, or throat is an indication of airborne PCP, and
ventilation sufficient to reduce the irritation to an unnoticeable

| evel shall be provided. An industrial hygi ene survey of airborne
pent achl orophenol shall be made and if the permissible level is
exceeded, organic vapor respirators tested and certified by the
National Institute for Occupational Safety and Health are required
until engineering or adm nistrative controls are instituted.
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CHAPTER 13

EXPLOSI VES AND AMVUNI T1 ON

13-1. Properties of Initiating Explosives. Initiating explosives
include | ead azide, nercury fulmnate, |ead styphnate and tetracene.
They are very sensitive to friction, heat, and inpact. Wen involved
ina fire, they can be expected to detonate w t hout burning.
Quantities in storage and in process nmust be linmted to the snall est
practicable amounts. Bulk initiating explosives will be stored in
conductive containers and if nore than 10 grans are stored for nore
than 4 hours, they shall be kept wet with water or with water-al coho
m xtures. Every effort shall be nade to prevent the liquid from
freezing, and if frozen, explosives material itself shall not be
handl ed. \Wenever processing requires the scooping or pouring of dry
initiating explosives, the operation will be done by renote

control. Dust frominitiating explosives operations shall be
collected with a wet-type aspirator system The aspirator bottle

or container shall be l|ocated as close to the dust intake point

as practicable. The aspirator bottle will contain an approved
desensitizing agent or be housed in a protective shield. No

val ves, where explosives may | odge, shall be in the vacuum i ne.

The vacuumwi ||l be controlled to preclude excessive bubbling.

Because expl osives may be present, extreme caution will be used

when di sassenbling the systemto clean it. Contam nated sections

of vacuum systens shall be cleaned daily by circulating an

approved desensitizing solution through the tube or pipe. Dry-type
collection systems will not be used. Enphasis rmust be placed upon

cl eanl i ness and general housekeepi ng since contam nation of these
expl osives with foreign or gritty material nmarkedly increases their
sensitivity. Roons in which initiating explosives are handl ed shal
have fl oors of |ead or other non-sparking flooring material. Flooring
shal | al ways be of conductive finish. Wlls of the roons should be
covered with waterproof material having a snoboth hard gl oss finish
Frequent washing of the roons with a neutralizing solution is
necessary. Drying of the explosives is usually acconplished in nuslin
squares on a drying table or by a special air blow ng device with
tenperatures limted to between 122 degrees Fahrenheit and 140 degrees
Fahrenheit (50 degrees Cel sius and 60 degrees Celsius). Bulk
initiating explosives shall be packaged and transported per current
DOT regul ations pertaining to the specific initiating expl osive.

a. Lead azide. Lead azide is a crystalline, creamcol ored
compound which is practically insoluble in water. Care nust be
taken, however, to assure that the water used is free of bacteria-
formng inpurities which may react with the dextrinated | ead azide to
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formgas. Lead azide, and killed or treated solutions of |ead azide,
all owed to come into contact with copper, zinc, or alloys containing
any concentration of such nmetals can cause the possible formation of
ot her azides which are nore sensitive than the original |ead azide.
Roons in which | ead azide is handl ed shall be washed thoroughly and
regularly with a desensitizing solution. Facilities and operating
procedures shall avoid exposing |lead azide, wet or dry, to ultraviol et
(W) light. Lead azide deconposes when exposed to WV light.

b. Lead styphnate. This explosive is particularly sensitive to
di scharge of static electricity, and the dry naterial can be readily
ignited by static discharges fromthe human body. Lead styphnate is
approximately as sensitive as nercury fulmnate to inpact and has
about the same order of friction sensitivity as |ead azide. It should
be stored under water in conductive rubber containers. \Were
practicable, |ead styphnate should be in the water-wet state while
bei ng processed. Water should be renpved by decanting. It is usually
dried by suction filtering, washing with al cohol, and drying in an
oven at 50 to 60 degrees Celsius. The alcohol wash is needed to
prevent caking since breaking up caked expl osives is hazardous.
Conventi onal met hods of de-watering expl osives such as pl acing
material in cloth then squeezing and draining on inclined snooth
surfaces such as glass are not reconmended. To renpbve styphnate
fromreceptacles, a stream of water should be used to wash the
material fromthe inclined container. |If this procedure is
i mpractical, the styphnate may be carefully renoved by hand, provided
rubber gl oves are worn. The use of spatulas, rakes, or scoops should
be prohibited. Containers equipped with renoval rubber liners
facilitate handling of the wet explosives and are recommended. Lead
styphnate tends to forma sensitive scaly deposit on the sides of the
containers and collection sunps. The scale can be renpved with 5 to
10 percent sodi um hydroxi de or sodium acetate solutions. The renoval
of the scale with tools or other instruments shall not be attenpted.
Qperations should provide for eye protection. Conductive flooring and
tabl e tops, w thout cracks or crevices in which explosives can | odge,
are required. Conductive footwear is required. All equipnent shal
be electrically grounded.

c. Mercury fulmnate. The precautions given for |ead
styphnate and | ead azide shall be used as guides for the handling
of this explosive. Mercury fulmnate either wet or dry should
not be pernmitted to cone into contact with certain materials such
as al um num rmagnesium zinc, brass, or bronze. This material is
no longer used to any extent in mlitary expl osives.

d. Tetracene. Tetracene is a colorless or pale yellow
crystalline fluffy material. It is as sensitive to inpact as
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mercury ful minate and di azondi nitrophenol. It is the ease of
ignition and its relatively high heat of explosion and gas vol une
that render it useful in primng compositions and along with | ead
azide in explosive rivets.

13-2. Handling Low Energy lnitiators. Wenever manufacturing,
processing, using, or testing |low energy initiators (can be initiated
by 0.1 joules (1 mllion ergs) of energy or less) the follow ng

regul ations in addition to those precautions (barricades, safety

gl asses, etc.) nornally used when handling explosive itens shall be
fol | owed wherever appli cabl e:

a. Al metal parts of equi pment shall be bonded together
electrically and grounded.

b. Personnel shall wear proper clothing. This means powder
uni forms, cotton under garnments and conductive shoes with cotton socks
or stockings. Just prior to an operator entering the roomor area
where | ow energy initiators are being processed, his/her conductive
shoes shall be tested with a resistance neter

c. Personnel positioned at operating |ocations where | ow energy
initiators are handl ed shall be directly grounded by an approved wri st
strap. This grounding strap shall be checked daily while on these
operators and the resistance readi ng shall be | ess than 250,000 ohns
when neasured form opposite hand to ground. Special contact creans
may be used to decrease the resistance to the required val ue.

d. Wen glass, acrylic or polycarbonate nmaterials are required
for transparency in barricades, they shall be coated with an
antistatic wax to prevent build-up of static electricity.

Thi s coating should be renewed every 2 nonths.

e. In areas which are nonitored by static electricity alarm
devi ces, work shall be discontinued when the device warns of a static
electric charge until cause has been determ ned and corrective action
taken to elimnate the condition. 1In each area at the tinme of
installation, a survey will be made to determ ne the maxi mum setting
of the alarmwhich will give anple warning but will not cause
cessation of operations needl essly.

f. In air-conditioned areas, work shall not be started until the
relative humidity and tenperature are at their proper levels as called
for in approved SOPs for the job.

g. Al netal surfaces exposed to a rubbing or friction action
shall not be painted. |f lubrication of such unpainted surfaces is
necessary, it will be of such a conposition as not to increase surface
resistance of the netal materials above 25 ohns.
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h. Al work on or with initiators shall be perforned in areas
equi pped wi th conductive floors and conductive table tops. Exceptions
may be nade when approved in witing by the | ocal safety office when
the initiators are properly packed, or are part of a conpleted
metallic end-itemaffording a conplete shield for the initiators.

i. Wirk shall not be done in the vicinity of el ectromagnetic or
electrostatic fields or where they nmay be produced. Exanples of
el ectrostatic or electromagnetic sources are (a) radio transm ssion
(b) electrical storms, (c) transfornmer stations, (d) high voltage
transmission lines, (e) inproperly grounded electric circuitry, and
(f) rotating equi pment, belts, etc. Adequate |ightning protection and
ground for electric storns and adequate resistances for fixed sources
of energy shall be established for areas where |low energy initiator
operations shall be shielded to afford protecti on agai nst nobile
radio transmission in the vicinity.

j. Al electrical equipnent shall be so located that it cannot
be reached or touched by an operator working with a | ow energy
initiator. Soldering shall never be perforned with a connected
electric soldering iron. An iron with a permanently grounded tip may
be renptely heated, disconnected, and then used.

k. Initiators, not part of an end-item or end-item subassenbly
shall be transported fromone area to another only when properly
packed according to the | atest packing specifications for |ow energy
initiators. Arny conponents shall be placed inside of a suitable
net al box.

13-3. Boostering Explosives. Explosives used for this purpose
include tetryl, RDX, PETN, and RDX with additive ingredients.
These expl osives have internediate sensitivity between initiating
expl osi ves and expl osives used a bursting charges such as TNT
They may be ignited by heat, friction, or inpact and nay detonate
when burned in large quantities.

a. PETN. PETN (Pentaerythritol tetranitrate) is nore sensitive
than either tetryl or RDX, and is considered an initiating agent by
the DOT. In its pure form PETNis a white crystalline material, but
it my be a light gray color due to inmpurities. It nust be shipped
wet with not |ess than 40 percent by weight of water in the
appropriate DOT specification shipping containers. It is extrenely
sensitive to initiation.

b. Tetryl. Tetryl is a fine crystalline yellow materi al,
insoluble in water, but soluble in acetone, benzene and ot her
simlar solvents. It is toxic when taken internally or by skin
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contact and special precautions are necessary to protect personnel
Tetryl is stable at all tenperatures encountered in storage.

(1) Existing data indicates that tetryl is a weak to noderate
mut agen in bacterial systens. Personnel exposures to tetryl should be
m ni m zed.

(2) Recomended control procedures:

(a) Handling precautions. Mnimze skin contact and
dusti ng.

(b) Protective clothing. War powder unifornms (to include
associ at ed hygi ene practices of hand washi ng, showering, clothes
change | ockers, etc.) with enmphasis on the use of gloves where hand
contact is probable. N OSH approved toxic dust respirators should be
worn i f atnospheric value of tetryl exceed those stated in (e) bel ow

(c) Medical surveillance. Periodic surveillance should
enphasi ze the skin effects and pul nonary function. Sem annual SGOT
and hematrocrit shoul d be determ ned.

(d) Engineering controls. Personnel exposures shoul d
be controlled by other than personal protective neasures. Enphasis
shoul d be placed on nmethods to minimze dusting in the enpl oyees
breathing zone. This can be acconplished by |ocal exhaust
ventil ation, enclosed process systens, automatic handling devices,
etc.

(e) Atnospheric exposure levels. The OSHA exposure
limt for tetryl is 1.5 mg/nB. Refer to the current Anmerican
Conf erence of CGovernnental Industrial Hygienists, TVL for tetryl
is also 1.5 ng/nB along with a skin notation and a Short Term
Exposure limt of 3.0 ng/nS.

(3) These and other standard industrial hygi ene practices
deened | ocal ly appropriate should be foll owed.

c. RDX (Cyclonite). RDXis a white crystalline solid. It
is usually in mxtures with other explosives, oils, or waxes and
is rarely used alone. It has a high degree of stability in storage.

13-4. Bursting Charge Explosives. Bursting charge explosives include
expl osi ve D (anmoni um picrate), amatol, picric acid, TNT, tetrytol
pentolite, picratol, tritonol, RDX compositions, HMX compositions,
torpex, DBX, and HBX. Al kaline cleaning agents or other alkaline
products shall not be permitted in buildings where bul k high
expl osi ves are handl ed.
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a. Amtol. Amatol is a mixture of TNT and ammoniumnitrate in
various percentages. It is mxed at the time of |oading and there
shoul d be no occasion for storing it in bulk form |In general, the
sensitivity is slightly less than TNT. Deluge systens controlled
automatically by quick-acting detectors are desirable to protect
melting units and other process machinery. It is believed to form
sensitive conpounds with copper and brass.

b. Expl osive D (anmonium picrate). Amonium picrate is stored
in the sane manner as TNT, but is |ess hazardous. Lead in any form
shall not be permitted in buildings where this explosive is handl ed.
Sprinkl er and del uge systens are recommended in connection with drying
and assenbling processes but |ead fusible Iinks and sol der type heads

shal |l not be used in the systens. Sprinkl er and del uge systens will
be of service in preventing the spread of fires rather than
extinguishing fires in the burning material. Fire involving |arge

quantities of this material may result in an explosion. deanliness
in all processes involving the handling of this material should be
assured. Special precautions nust be taken against its toxicity.
Ammoni um picrate is soluble in water.

c. DBX. DBXis an alumnized explosive which closely resenbl es
torpex in sensitivity, strength, and brisance. DBX is sonewhat
hygroscopi ¢ and reacts with netals in the sanme nanner as anmat ol

d. HBX. HBX is an alum nized expl osive having the sane order of
sensitivity as conposition B. Like certain torpex explosives, HBX may
produce pressure within a casing due to reaction with water to produce
gassi ng.

e. HW conpositions. HMX is of the same order of sensitivity to
impact and friction as RDX, but is nore stable and has a higher
expl osion tenperature test value than RDX. HWX conpositions (m xtures
of HWX, other explosives ingredients, and desensitizers and
pl asticizers) are used where special requirenments exist for powerful
expl osives with a high degree of thermal stability.

f. Pentolite. Pentolite is a mxture of PETN and TNT
Pentolite may have a tendency to separate into its ingredients,
consequently, pentolite should be handled as carefully as PETN
Pentolite lunmps found in screen operations should not be broken with
the aid of handtools or by rubbing through the screen. Melt units for
pentolite should be steamed out at |east once every 24 hours. Acetone
shoul d not be used for thread cl eaning.

g. Picratol. Picratol is a mxture of TNT and expl osive D
ammoni um picrate). as e sane general properties as .
t It h th I t TNT
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Al'l the precautions nmade necessary by the characteristics of TNT and
amoni um pi crate nust be observed in the handling of picratol

h. Picric acid. Picric acid which is used in the manufacture of
ammoni um picrate is a nitrated product of phenol. It may be stored
either wet or dry in magazines. It is highly acidic and corrosive as
well as a toxic hazard. The hazards of manufacture include those of
handling its various raw material conponents. Drowning, deluge, and
automatic sprinkler systens are successfully used in conmbating fires
in the manufacture and handling of this material. Fires involving
picric acid nmay be extingui shed with autonatic sprinkler systens.
Large quantities have burned conpletely w thout explosions; however,
the possibility of detonation should not be overlooked. |In the
nitration process, anple ventilation nmust be provided. Lead conmpounds
with picric acid are very dangerous and lead in any formshall not be
permtted in buildings where it may contact picric acid. Picric acid
is lemon yellow in color, slightly soluble in water, and soluble in
organi ¢ solvents. It stains the skin and hair of workers, and colors
clothing and whatever else it contacts. It is stable and has no
tendency to deconpose at temperatures normally encountered in storage.

i. RDX conpositions. RDX conpositions are mxtures of RDX
ot her expl osive ingredients, and desensitizers or plasticizers.
The RDX conpositions nost frequently encountered are--

(1) Conposition A-5.
(2) Conposition B-4.
(3) Conposition C-4.

j. Tetrytol. Tetrytol is a mixture of tetryl and TNT,
intermediate to tetryl and TNT in sensitivity. Care nust be taken in
the manuf acture and subsequent use of tetrytol to ensure a uniform
m xture and to avoid a partial segregation of tetryl which would
increase its sensitivity over that nornmally expected. Tetrytol is
stable in storage but exudes at 65 degrees Cel sius (149 degrees
Fahrenheit). Magnesiumal um num alloys are slightly corroded by dry
tetrytol. Wet tetrytol will slightly corrode copper, brass, alum num
magnesi um nmagnesi umalumnumalloy, mld steel, and mld steel plated
with cadmi um

k. Trinitrotoluene (TNT). TNT is a light brown or straw col ored
mat eri al whose appearance varies with the degree of purity. It is
insoluble in water but soluble in ether, acetone, alcohol, and the
like. Although TNT is less sensitive to friction and inpact than many
ot her high explosives, it can be detonated by noderate force when
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confined between netal surfaces such as on threads of bolts, etc. In
thin unconfined | ayers it usually burns w thout explosion. Burning or
rapi d heating under confinenment may cause detonation. TNT is stable
and does not formsensitive conpounds with nmetals. It will, however,
formsensitive materials in the presence of alkalies. TNT exhibits
wel | -recogni zed toxic properties.

|. Torpex. Torpex is an alumnized explosive used mainly
i n underwat er ordnance. Torpex is nonhygroscopi c and noncorrosive.
It is stable in storage although it nay gas (hydrogen) and produce
pressure in its casing as a result of the gas. Precautions nust be
taken in the manufacture and | oadi ng of torpex to avoid inclusion of
noi st ure.

m Trigonol. Trigonol is a mxture of TNT and al um num powder
and exhibits a greater blast effect than TNT or Conposition B. It is
nmore sensitive to inpact than TNT. Because of the al um num content,
the inclusion of nmoisture into the m xture nust be avoi ded.

n. Plastic bonded explosives. Plastic bonded expl osives
are conventional high explosives with plastic binders (i.e.
pol ystyrene, viton, estane). Their sensitivity varies with the
type of explosive and the anmount of binder used. The series nost
frequently encountered are identified by prefix LX or PBX foll owed by
a numnber.

13-5. Propellants and O her Explosives. a. Black powder. Bl ack
powder is an intimte nechanical m xture of potassium or sodi um

nitrate, charcoal, and sulfur. It is very sensitive to friction
heat, and inpact. These properties nake bl ack powder one of the nopst
dangerous explosives to handle. It will deteriorate rapidly on

absorption of noisture but retains its expl osives properties
indefinitely if kept dry. Black powder may be desensitized by placing
it in water and discarding the water separately fromthe residue, for
wet bl ack powder when permitted to dry out nmay regain its expl osive
properties. Conbustible materials which have absorbed |iquors | eached
from bl ack powder constitute a severe fire hazard and may becone

expl osive. In black powder manufacture and operations, it is
essential that special attention be given to dust prevention and
control, and to the prevention of contamination. Permanent nagnet
type separators have been found effective in controlling

contami nation. Deluge systens are of value in preventing the

spread of fire in black powder operations. Lunber or conbustible

mat eri al from bl ack powder buil dings nmust not be rel eased for

reuse.
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b. N troglycerin. N troglycerin is usually manufactured
only as required in the manufacture of other products of which it
is a constituent. It is stored only in buildings constructed for
the specific purpose, where it nust be kept under constant
surveillance until used. N troglycerin is extrenely sensitive to
i mpact and friction and the nanufacturing processes are hazardous.
Al'l machi nery, equipnent, and tolls used are specifically designed for
the particular process and with full consideration of safety features.
Bui Il dings in which nitroglycerin vapor is present may becomne
dangerously contani nated and frequent cleaning of the building and
equi pnment with a neutralizing solution is required. The vapor is also
toxic. Frozen nitroglycerin is less sensitive than the liquid
compound; however, upon thawi ng, it may produce internal changes
acconpani ed by sufficient evolution of heat to cause expl osion.
Ni trogl ycerin containing noisture or deconposition products can
expl ode at tenperatures |lower than the expl osion tenperature at
220 degrees Cel sius (428 degrees Fahrenheit) for pure nitroglycerin
The | ower tenperature of 41 degrees Celsius (105 degrees Fahrenheit)
applied to a sanple for 5 hours results in slow deconposition until an
expl osi on occurs.

c. Solid propellants. Solid propellants used by the Arny
i nclude single base, double base, triple base, and conposite types.
Solid propellants are a severe fire hazard. They burn rapidly and
under suitable conditions of initiation some may detonate. Solid
propellants that are sufficiently sensitive to initiation to
detonation by fire or explosion are included in hazard class 1.1,
whil e those of |esser sensitivity to such stimuli are included in
class 1.3. Propellant dust and powder nornally are sensitive to
friction, flane, and sparks. The stability of propellants can be
adversely affected if they are stored for long periods in a danp
at mosphere and/or subjected to high tenperatures; the eventual effect
of such conditions may be the spontaneous ignition of the propellant.
The stabilizer level of all nitrocellul ose-based propellant in storage
must be determined to ensure it is safe for continued storage (see SB
742-1300-94-2).

13-6. Mlitary Pyrotechnics. a. GCeneral. Mlitary pyrotechnic
compositions in general consist of such conmpounds as perchl orates
and nitrates to provide oxygen; powdered netals for fuel; salts

of sodium barium or strontiumfor color; and binding and

wat erproofing materials. They are sensitive to heat, flanme, static
electricity discharges, and particularly to friction. Conpositions
containing chlorates are especially hazardous. Since pyrotechnic
compositions contain powdered netals, they may become hazardous in the
presence of noisture. Conpositions in process, and pyrotechnics in
storage, nust be protected fromnoisture, and itens show ng evi dence
of moisture should be destroyed.
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b. Hexachl oroet hane (HC) snoke mi xtures. HC snoke nixture
is sensitive to heat, flane, friction and static electrica
di scharges fromthe human body. HC mixtures react with noisture
to produce heat, and in sone cases, hydrogen gas; therefore, the
use of small quantities of water on a fire in HC snoke mi xtures
i s dangerous. Large quantities of water will effectively reduce
the severity of fires. Firefighters nust avoid breathing heavy
concentrations of HC smoke. HC snoke pots must not be used
inside buildings to simulate fire during fire dril
denonstrations.

c. Thermite. Thermite is a fire hazard. Fires are
extrenmely difficult to extinguish when thernite is ignited.
Control frequently lies in holding fires in check until the
thermte has burned itself out.
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CHAPTER 14
SAFETY REQUI REMENTS | N HAZARDOUS LOCATI ONS
14-1. Hunting. Hunting, fishing, and trapping are authorized
provided the installation has witten policy with procedures and

requi renents that include the foll ow ng:

a. Witten permts will be issued to each individual authorized
to hunt, fish, or trap. The use, possession, or being under the

i nfluence of al coholic beverages, illegal drugs, or controlled
substances during or inmediately prior to coming onto the installation
to hunt, fish, or trap is strictly prohibited, and will be cause for

revoking the permt.

b. A map shall be prepared to clearly define hunting, fishing,
and trapping areas. A copy of the map will be issued to each hunter,
fisher, and trapper who nust becone famliar with the respective areas
prior to hunting or fishing, as approved by the Safety O fice.

c. Rifles, shotguns, nuzzle |oader/black powder, and bows and
arrows are approved for hunting; however, cartridges having a nmuzzle
velocity greater than 2300 feet per second will not be used within an
est abl i shnent containing explosive materials. Al rifles, muzzle
| oaders, and shotguns using a single solid projectile and having a
velocity not in excess of 2300 feet per second will observe a
1200-f oot m ni num di st ance from aboveground nagazi nes, outdoor
ammuni ti on storage | ocations, workshops, other aboveground amunition
facilities, and the installation boundary. This does not apply if
techni ques and procedures are used which will ensure that firing is
directed away fromthese exposures.

d. Shotguns using nultiple shot (bird or buck shot) will observe
a 600-foot m ni mum di stance from aboveground nagazi nes, outdoor
amuni tion storage | ocations, w ndow ess wor kshops, or other
aboveground amunition facilities. Shotguns using multiple shot (bird
or buck shot) will observe a 1200-foot mi ni num di stance from workshops
with wi ndows and the installation boundary. This does not apply if
techni ques and procedures are used which will ensure that firing is
directed away fromthese exposures.

e. In the igloo area, weapons will not be fired in the direction
of igloo doors.

f. Personnel permtted to hunt, fish, or trap in expl osives
areas wWill be restricted to assigned mlitary personnel, installation
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enpl oyees, and other sel ected personnel as may be specifically

aut horized by the installation commander. Procedures will be
established to assure that there will be no dense concentrations of
personnel as could be expected at athletic fields, picnic areas, or
other sinmilar recreational facilities.

g. Wen hunters and fishernmen are allowed access to the
area enconpassed by public access excl usion distance (PAED) for
| ethal and incapacitating chem cal agents, the evacuation procedures
of the chemical accident/incident control (CAIC) plan will address the
renoval of those personnel from potential exposure to an agent rel ease
to the atnmosphere. As a mininum the hunters and fishernmen will be
briefed on the neani ng of warning signals and the preferred evacuation
routes prior to entering the controlled area.

h. Al installation hunting and fishing plans, procedures,
and policies will conformto all applicable State and Federal
regul ati ons and be approved by the installation safety office.

i. Installation commanders may i npose nore stringent controls
based on their particular installation' s requirenents.

14-2. Fencing and Placarding Restricted Areas. a. Fencing required
for security or other purposes should not be placed closer to

magazi nes than nagazi ne di stance nor closer to expl osives operating
bui l di ngs than intraline distance.

b. Were fencing of a single nagazine or groups of nmgazines is
required for special security purposes, the fence nmay be placed in
close proximty to the nmagazines, with the foll owi ng conditions:

(1) A gate should be installed adjacent to each nagazi ne
door. The gate width should not be less than the width of the
doorway. Fences shall not be installed in a nanner that would
hi nder the control of vegetation around or on the earth cover or
barri cades of magazi nes

(2) Al gates should be kept open at all times when personne
are within the fenced area.

14-3. Boundary of Reservations. The boundary of each CGovernment
reservation in which explosives or anmunition areas are | ocated
shal |l be fenced and posted as required by AR 190-11, and AR 190-13.

14-4. Parking of Privately Owmed Vehicles. a. Parking of privately
owned vehicles within an AMC establishnent shall be controlled to
mnimze fire and expl osi on hazards and prevent congestion in event of
energency. Vehicles shall be parked in designated areas only.
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Locations outside of restricted areas are preferred. Vehicles should
not be parked near enough to a building or structure to either enable
spread of fire froma vehicle to the building or prevent easy access
of fire fighters

b. Parking areas for privately-owned or rental vehicles will be
separated from potential explosion sites by unbarricaded intraline
di stance, if they serve only the workers assigned to a particular |ine
or area. Only vehicles transporting anmunition or government vehicles
directly related to the operations are permitted to park inside this
di st ance.

c. Private vehicle parking in adnministrative areas will be a
m ni mum of public traffic route distance fromthe nearest potenti al
source.

14-5. Housekeeping in Hazardous Areas. a. Structures containing
expl osi ves shall be kept clean and orderly.

b. In explosives areas, waste materials such as oily rags,
combusti bl e and expl osive scrap, and paper shall be kept separate
fromeach other. Such waste should be placed in approved, marked
containers for each, preferably |ocated outside the buildings.
Containers for scrap black powder, scrap initiating explosives, scrap
expl osives of simlar sensitivity, and rags contami nated with these
expl osi ves nust be approved with covers and contain enough water (No.
10 mineral oil or fuel oil for certain pyrotechnic, tracer, flare, and
simlar mxtures) to cover the scrap or rags. Wiere water is used in
containers for scrap pyrotechnic, flare, and simlar mxtures, the
possibility that dangerous gases nay be evol ved nust be recogni zed.
In order to mininze the hazards from such gases, scrap should be
introduced in a manner to provide for imrediate inmersion
Conbusti bl e or explosive scrap shall not be left in buildings when
unoccupi ed.

c. Exudate from ammunition shall be removed by use of approved
sol vents such as acetone or as specified in the appropriate TDP or
DMAR.  Unpacked amunition, |oose explosives, or those not in process,
and conbustible materials shall not be permitted to accunul ate and
must be placed in designated receptacles or in designated storage
space.

d. Explosives, explosives dusts, and ot her hazardous naterials
shall not be allowed to accumul ate on structural menbers, radiators,
heating coils, steam gas, air, water supply pipes, or electrica
fixtures.

e. Spillage of explosives and other hazardous materials shall be
prevented so far as practicable by proper design ofequipnent, training
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of enpl oyees, provision of catch pans, etc. For exanple, hoppers
shal | be | arge enough to confortably accommpdate the size of charges
used. A painted stripe on the inside of the hopper will serve as a
rem nder of the proper filling height. Catch pans or splash pans
shal | be provided beneath draw off pipes and TNT fl akers, around
transfer piping, beneath powder bags on small arns anmmunition chargi ng
machi nes, etc. Spillage nust be renoved promptly.

f. A regular programof cleaning shall be carried on as
frequently as |l ocal conditions require for nmintaining safe
conditions. GCeneral cleaning should not be conducted whil e hazardous
operations are being perforned. Explosives and amrmunition should be
renoved fromthe building prior to general cleaning operations, when
practi cabl e.

14-6. Sweeping Conpounds. Hot water or steam should be used wherever
practicable for cleaning floors in buildings containing explosives.
Sweepi ng conmpounds whi ch are nonabrasive and conpatible with the

expl osives involved may be used where the use of steamor hot water is
not practicable. Such conpounds may be conbustibl e but nust not be
vol atile (closed cup flash point nmust not be |ess than 230 degrees
Fahrenheit). Sweepi ng conmpounds containing wax shall not be used on
conductive flooring. Were nitrated organi c expl osives are invol ved,
whi ch may form sensitive expl osive conpounds with caustic alkalies,
the use of cleaning agents containing caustic alkalies is prohibited.

14-7. Brushes. Wre brushes may be used in cl eani ng expl osi ves
processi ng equi pnent only when other nethods of cleaning are
ineffective. |If wire brushes are used, thorough inspection should be
made after cleaning to ensure that wire bristles do not remain in the
equi prrent. Where practicable, nonferrous wire brushes shoul d be used.
This applies also to cleaning magnesi umingot nolds and nolds for any
ot her netal which may be used as an expl osive constituent. Use of
fiber brushes in place of hair brushes is recommended to reduce
generation of static.

14-8. Packing Materials. The working supply of packing naterials,
such as excel sior and shredded paper, should not exceed the capacity
of bins or boxes provided for the purpose. These bins should be built
of nmetal -lined wood or nonconbustible material, having an automatic or
sel f-cl osing cover.

14-9. Procedures in Event of Electrical Stornms. a. Wen buildings
cont ai ni ng expl osives are evacuated during periods of electrica
storns, operations requiring attention at all tinmes shall continue to
be manned by the m ni rum nunber of personnel consistent with safety
requirenents. \Wen the process has been brought to a condition in
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which it is considered safe to | eave and when it would not produce
rejected conmponents requiring reworking with acconpanyi ng hazards, the
bui l ding shall be conpletely evacuated. Every effort shall be made to
antici pate shutdown and, during such critical periods, any expl osives
process requiring conplete attention should not be started unl ess
absol utely necessary. Because of the possibility of power failure,

al ternate energency power equi prent shoul d be manned during such
times.

b. \Whenever an electrical storm approaches the installation
personnel shall be evacuated from /|l ocations at which there is a
hazard from expl osi ves which could be initiated by |ightning.
Such | ocations incl ude--

(1) Operating buildings or facilities w thout approved
lightning protection systens, which contain explosives or expl osive-
| oaded ammunition, and locations within intraline distance of such
facilities.

(2) Buildings containing explosives dust or vapors, whether or
not equi pped with approved lighting protection systens and | ocations
within intraline distance of such buil dings.

(3) Magazines, open storage sites or |oading docks, which
are not equi pped with approved lightning protection systenms, and
vehicles and railroad cars on ungrounded tracks contai ni ng expl osi ves
and expl osive-| oaded anmuniti on, and | ocations wi thin nmagazi ne
di stance of such structures, sites, vehicles, or cars.

(4) Locations (with or without lighting protection) where
operations involving el ectroexpl osive devices are being perforned.

c. \Wen personnel are to be evacuated from expl osi ves
operations, the operations shall be shutdown, w ndows and doors
closed, and electric switches thrown to the off position

d. A responsible and qualified person shall be enmpowered with
final decision as to the necessity for evacuation. \Were operations
are of such nature as to require advance warning for shutdown, a net
of volunteer observers or an electronic static detector (Ilightning
detection system) nmay be used.

e. |In an operating line, evacuated personnel shall be rel ocated
to approved suitable protective shelters |located at intraline distance
from operating buildings or other hazardous locations. |In a nmagazine

area, evacuated personnel should be relocated to such approved
shelters at nmmgazi ne di stance from nagazi ne or ot her hazardous
| ocations, or to enpty earth-covered nmagazi nes. Wen such shelters
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are not avail abl e, personnel shall be withdrawn to places at inhabited
bui |l di ng di stances fromthe hazardous | ocati ons.

f. Personnel in direct charge of railroad trains and notor
trucks contai ni ng expl osives shoul d, when possi bl e, nove the equi pment
to locations of conparative safety before retiring to designated bonb
proof s or change houses.

g. Action to be taken in the event of electrical stormns,
utilities or nmechanical failures and the Iike, occurring during the
manuf act uri ng, handling, or processing of explosives and ot her
hazardous materials shall be set forth in SOPs required by paragraph
14-17 or shall be set forth in separate SOPs prepared specifically for
such purposes.

14-10. Prohibited Articles in Hazardous Areas. Personnel shal

not be permtted to carry matches, cigarette lighters, and other

fl anme- produci ng devices into hazardous materials restricted areas. In
addition, personal articles of metal, such as keys, knives and coins
shall be prohibited in such areas when they increase the existing
hazar ds.

14-11. Phot ographi ng Hazardous Areas. Magnesium flashlights,

photo flashbul bs, or electronic flash attachments shall not be

used i n photographi ng | ocati ons where exposed expl osi ves, expl osive
dusts, flammbl e gases, or vapors are present. After all explosive or
hi ghly flammabl e material s have been renpbved and equi pnent prepared,
as for major repairs, such photographic aids nay be used.

14-12. Experinents. No experinents or tests other than routine work
shal | be undertaken in an expl osives building w thout first notifying
the persons in charge. |If the tests add to the general hazard and can
be perforned el sewhere, they nmust not be done during operations or
with nore than the m ni mum necessary nunber of persons present. Al
experinments nust have prior approval by the commandi ng officer or his
designated representative. Each experinment shall be thoroughly
docunented on a step-by-step basis.

14-13. Explosives Recovery and Reuse. a. All |oose explosives
recovered as sweepings fromfloors of operating buildings shal

be destroyed. Expl osives which are recovered from other than
amuni ti on breakdown operations or from operational equipnent shall be
thoroughly inspected by operating supervisors and reused, screened,
reprocessed, or destroyed as the situation warrants. Expl osives which
are contam nated with dirt, dust, grit, or netallic objects nust be
processed to renove all foreign matter before they can be reused,

ot herwi se they nmust be destroyed. Melt-I|oaded expl osives known to be
contam nated shall not be reused unless it is practicable to renelt
and draw of f clean materi al
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b. Expl osives sal vaged from | oaded amunition shall be stored in
bui | di ngs by themnsel ves.

14-14. Maintenance and Repairs to Equi pnent and Buildings. a.

Bef ore being placed into routine operations, all new or newmy repaired
process equi prent for use in hazardous operations nust be exam ned and
actually tested to assure that it is in safe working condition. |If
machi nery or equi prent does not appear to function properly,
operations shall be discontinued if the i medi ate stoppage does not
create a new hazard.

b. Before repairs are permtted on any equi pnent that has been
exposed to explosives, a tag signed by a certifying official, as
specified in TB 700-4, shall be placed on the equi pnent certifying
that expl osives have been renoved. |If it has been inpossible to clean
sonme part, it shall be noted on the tag together with adequate
instructions to nmai ntenance personnel concerning safe nethods of
handl i ng.

c. Mijor repairs or changes shall not be undertaken in a
hazar dous buil di ng during regul ar operations w thout renoval of
the hazard material and w thout the know edge of the enployee in
i medi at e charge of the building

d. Only conpetent persons shall be pernmitted to effect repairs.
Before repairs are started in an explosives location, the i medi ate
area shall be inspected for the presence of explosives and dust, and
all such nmaterial shall be renmoved from equi pnent, crevices, beneath
floors, within walls and pipes, and under fittings where expl osives
may be ignited. The entire area should preferably be wet or should be
washed down t horoughly.

e. Wen nachi nes and equi pnent have been oil ed, repaired, or
adjusted, all tools used for the repairs shall be removed. Al
operators nust inspect their equipnment to be assured of its safe
operating condition before resum ng work.

f. Certain operations require that nonsparking tools be used.
If the mai ntenance department, in repairing a machi ne where
nonsparking itens are nornmally required, nust use steel tools, not
only shall the machine and surroundi ng area be cl eaned, as indicated
i n subparagraph b, ¢, and d above, but all explosives operations in
the i mediate vicinity shall be discontinued to guard agai nst
accidental ignition of materials by flying sparks. Where steel tools
are used in such maintenance operations all contact surfaces should be
oiled to reduce likelihood of sparks.
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g. Maintenance personnel entering buildings in which conductive
shoes are required shall wear conductive shoes or conductive overshoes
with ankle straps. Since electricians shall not be allowed to work on
live electrical equipnment while wearing conductive shoes, all exposed
expl osives and other static sensitive hazardous naterial nust be
removed before electrical work is done.

h. Safe practices el sewhere specified in this regulation
shal | apply to mmi ntenance enpl oyees as well as to those engaged
in actual production.

i. Mintenance offices and tool roons in an operating |ine
shal | be separated from explosives by intraline distance. Wen
intraline distance separati on cannot be provided, protection
equi valent to that afforded by a substantial dividing wall mnust
be provi ded.

14-15. Agitation. N trators, washers, and other machi nes which
because of the hazard of the process and the possibility of
deconposition of the process material, are equi pped with mechanica
agitators, shall have at |east two neans of agitation, each operating
fromindependent sources of power to naintain agitation in event of
failure.

14-16. Nitration. N tration involves explosion, fire, and toxic
hazards in addition to those incident to handling acids. Efficient
ventilating systems are required. N tration buildings shall be
provided with adequate safety exists and necessary safety appliances
such as suitable neutralizing solutions and energency showers. Wen
necessary, personnel shall be provided with personal protective

cl ot hing and equi pnent which is inpermeable to acid or which is acid
resistant.

14-17. Standing Operating Procedures. a. Prior to starting any
operation involving amunition, explosives, or other hazardous
operations, adequate SOPs shall be devel oped and then approved by

the Conmanding Officer of the activity or by a qualified menber

of his staff who has been del egated the responsibility for review
and approval of SOPs. Al active SOPs shall be reviewed annually

by the proponent and the |ocal safety office to assure they are
current with respect to the safety aspects of the operation. Wrkers
shal |l receive training on the SOPs they work under on a quarterly
basis. Controlled tests nay be necessary in order to establish SOPs

for certain operations. SOPs shall include, as a minimm such itemns
as safety requirenents, personal protective clothing and equi prment,
environnmental treatnent, storage, disposal, spill requirenents,
personnel and explosives or material linmts, equiprment designation

and | ocation and sequence of operations. No deviation from SOPs shal
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be permitted without the approval of the comranding officer or his
designated representative. A Hazard Anal ysis Wrking Goup (HAWG

wi || be convened for devel opnment of hazard anal yses for all explosive
operations. A copy of the hazard analysis will be naintained

with the file copy of the SOP

b. Al personnel involved in these operations shall becone
cogni zant of their respective duties. Supervisors shall be
responsi ble for assuring this is acconplished.

c. Applicable portions of the approved SOPs shall be
conspi cuously posted convenient to all stations involved in the
operation for the guidance of all personnel. Supervisory personne
shall maintain copies of the overall SOPs and be responsible for the
enforcement of all provisions.

14-18. Electrical Testing of Amunition and Ammunition

Conponents. a. Type of test equipnent. Electrical (including

el ectronic) test equi pnent shall use the weakest possible power

source. Battery-powered equi pnent should be used in lieu of that with
a 110-volt source. The power source shall be incapable of initiating
the explosive itemunder test. Were greater power nust be used,
positive neans nust be provided to prevent delivery of power to the
explosive item in quantities sufficient to initiate the item The
possibility of human error on the part of operators and ot her

personnel nust be recogni zed and saf eguards provi ded.

b. Layout of test equipnent. As indicated in paragraph 6-4,
test equi prent should not be placed in hazardous at nospheres unl ess
absol utely necessary. Wen the test equipnent or parts thereof mnust
be placed in hazardous atnospheres, its suitability nust be attested
to by Underwriters' Laboratories approval or specific approval nust be
obt ai ned fromthe Comrander, AMC. Special attention nust be given to
equi pnent cont ai ni ng vacuum tubes because of inherent ventilation
requirenents. Unless the test equi pnent, under any circunstances, is
i ncapable of initiating the itembeing tested, operational shields are
required for protection of personnel. The nost reliable neans for
attaining and retaining this initiation incapability is to protect the
test equi prent, including | eads, from el ectromagnetic (induction and
radiation fields) and electrostatic energy and to provide the test
equi pnent with a weak power source.

c. Use of test equiprment. Test equi pnent shall be used
only in the manner and for the purpose for which approval is granted.
The equi pnent shall be mmintained in good working order by qualified
personnel. Operator adjustnments nust be limted to those required by
desi gn of the equipnent.
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d. Precautions. When electrically testing or firing electric
initiators, regardless of electrical sensitivity, there shall be a
vi sual , positive, grounded break in all |eads between any electric
initiator and any source of electric power until all personnel in the
vicinity are adequately protected. One of the follow ng nmethods may
be used to acconplish this break

(1) Lead wires on electric initiators are |ong enough to
permt making connection outside of test barricade after barricade
door is shut or operators are out of line of fire.

(2) Mechani cal -vi sual -di sconnects on test barricade doors
or on barriers placed in the path of the operator which the operator
must open before setting up area. Doors of barriers for wal k-in areas
shal | be so designed that door cannot close while operator is inside,
or if door does close electrical connection cannot be nade.

(3) Disconnect boxes with disconnecting device secured to
the operator in such a manner that when the operator is setting
up electric initiator, it is physically necessary that the di sconnect
devi ce be renmpbved fromthe box by the noverment of the operator before
handling the electric initiator.

e. Testing. Wen testing electric initiators or conponents
containing electric initiators, the test lead wires fromthe test
instrument to the test fixture or to component being tested shal
be electrically shielded. Shield shall be grounded at test instrunent
end and at test fixture on conponent tested end. Test |eads nay be
shi el ded individually or be contained within a single shield.

However, test |eads shall not be placed within a shield containing
power or other unrelated | eads.

14-19. Heat Conditioning of Explosives and Ammunition. a. Al
ovens, conditioning chanbers, dry houses and simlar devices and
facilities shall be provided with dual independent autonatic heat
controls. For devices or facilities heated by steamonly, the

requi renent for dual automatic heat controls shall be satisfied

if the steampressure is controlled by a reducing val ve (nmaxi mum
pressure of 5 psi, unless otherw se authorized) on the main building
steam supply and a thernostat on the device or in the facility.

b. Heat conditioning devices shall be constructed to effectively
vent overpressure resulting froman internal explosion. Bl ow out
panel s, doors and ot her venting apparatus should be restrai ned by
barriers or catching devices to prevent excessive displacenment in the
event of an accidental expl osion.
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c. Heat conditioning devices shall be effectively vented to
permit the escape of dangerous gases that may evol ve during the
condi ti oni ng process.

d. Steamshall be used as the heating nedia for the conditioning
devi ces wherever practicable. Wenever electric heating el ements nust
be used, the elenments shall be | ocated where there is no possibility
of contact with explosives or flammable nmaterial s.

e. |If the heat conditioning device uses a fan for circul ation of
air, the blades shall be of nonsparking naterial and, where possible,
the electric notor shall be installed on the exterior of the device.
The air used for heating shall not be recirculated if the heating
surfaces exceed a tenperature of 228 degrees Fahrenheit or if the air
contains materials which may collect on the heating el ements.

f. Electrical equipnment and fixtures in or on a bl ast
condi tioning device used for explosives or flanmable naterial shall be
approved for operation in the appropriate hazardous atnospheres (refer
to chap 6).

g. The interior of heat conditioning devices should be free
of crevices and openings and other difficult to clean protuberances
where dust or flammable material may | odge.

h. Al non-current-carrying netal parts of a heat conditioning
device shall be electrically interconnected and grounded.

i. Heat conditioning devices should be installed in an isol ated
| ocation and arranged to afford maxi mum protection to personnel from
the effects of an incident. Operational shields and other personne
protection nmeasures should be used when warrant ed.

j. Heat conditioning devices should be separated from each
other by distance or protective construction to prevent an expl osive
incident in one device from propagating to adjacent devices. No
hazardous materials shall be stored or located in a roomor cubicle
containing a heat conditioning device unless it can be shown that an
incident in the conditioning device will not involve the other
materi al s.

k. Heat conditioning device operating procedures shall include
the follow ng conditions:

(1) The explosive materials in the device shall be

limted to the type and quantity authorized for the specific
devi ce.
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(2) The critical paraneters of explosives conpositions shal
be known before processing in a heat conditioning device. Care wll
be exercised to ensure that the conditioning device does not exceed
limts established for the hazardous conposition being conditioned.

(3) Heat conditioning device tenperatures will be checked
during operation at specified intervals. The checks should be
conducted at nore frequent intervals during periods of conditioning.

(4) The conditioning devices, ducts, vacuumlines, and
other parts of the equi pnent subject to contam nation by hazardous
materials, shall be cleaned prior to introducing a different item or
conposition for conditioning.
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CHAPTER 15
STORAGE OF EXPLOSI VES AND AMVUNI TI ON

15-1. Ceneral. Additional information on quantity di stance and
storage of ammunition and expl osives may be found in DA PAM 385- 64.

15-2. Types of Magazines. a. FEarth-covered nmagazi nes include

i gl oo, steel arch, Stradley, special type, hillside and subsurface-
type magazi nes. Earth-covered magazines are preferred for the storage
of all itens of anmunition or expl osives.

b. Standard ammunition nmagazi nes (comonly called "Standard
Magazi nes") are cl assed as aboveground nagazi nes. These nagazi nes
usual Iy measure 51 feet 7 inches by 218 feet 8 inches, are usually
spaced 300 feet apart, and have concrete foundation walls and piers,
hollowtile walls, steel franes and concrete floors.

c. High explosives and bl ack powder magazi nes, classed as
aboveground magazi nes. They are usually 27 feet 6 inches wide and 43
feet 4 inches Iong and are usually spaced 800 feet apart. They have
concrete foundation walls and piers, hollowtile walls filled with
sand, steel frames and concrete fl oors covered with spark proof nmastic
or the equivalent. The nmagazines were originally designed for the
storage of 250,000 pounds of explosives, but in order to assure
adequat e ai sl e space for inspection and shipping and conveni ent hei ght
of piles, theanount of storage is usually limted to approximtely
100, 000 pounds.

d. Primer and fuze mmgazi nes are classed as aboveground
magazi nes. These mmgazi nes are usually 27 feet 6 inches w de, 43
feet 4 inches long and are usually spaced 300 to 400 feet apart. Wth
respect to construction details, they are simlar to high expl osive
and bl ack powder nmgazi nes, except the hollowtile walls are not sand
filled and the floor is not covered with spark-proof nmastic.

e. For quantity-distance purposes, amunition and expl osives
st orage magazi nes used by AMC are referred to by type
as foll ows:

(1) Standard igl oo magazi nes - earth-covered, reinforced
concrete, arch type nmagazines (includes Stradley (Yurt) magazines).

(2) Special use igloo magazines - standard igl oo nmagazi nes

used for maxi mum quantities of 100,000 pounds or |ess of mass-
detonati ng amruni ti on or expl osives.
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(3) Earth-covered, corrugated steel, arch-type magazi nes
- igloo type magazi nes constructed of corrugated rolled
structural steel plate.

(4) Special type mamgazines - igloo type nagazines with
steel or wood (instead of reinforced concrete) arches and steel
wood or reinforced concrete end walls, and earth-covered reinforced
concrete nagazi nes (such as done or box type).

(5) Aboveground magazi nes - any type of nmgazi nes constructed
above grade, other than standard igl oo magazi nes and special -type
magazi nes. Richnond type nmmgazi nes are considered to be barricaded
aboveground mmgazi nes.

f. Oher structures not of approved nagazi ne type shall not
be used for the storage of explosive and amunition except when
aut hori zed by the Commander, HQ AMC, ATTN. AMCSF

15-3. Earth Cover for Migazines and Barricades. a. Material

for earth cover over nmgazines and for barricades shall be reasonably
cohesive (solid or wet clay and simlar types of soil should not be
used as they are too cohesive). The cover shall be free from danagi ng
organic matter, trash, and debris. |f the nmagazi ne was constructed or
upgraded after March 1966, stones heavier than 10 pounds or |arger
than 6 inches in dianmeter shall not be present. The larger stones
should be limted to the I ower center of fills and not used for earth
cover over magazi nes. Conpaction and surface preparation shall be
provi ded as necessary to maintain structural integrity and avoid
erosion. Were it is inpossible to use a cohesive material, for

exanple in sandy soil, the barricade or the earth cover over nagazi nes
shoul d be finished with a suitable naterial to ensure structura
integrity.

b. The earth fill or earth cover between igloo magazi nes nmay be

either solid or sloped per the requirenments of other construction
features, but a minimumof 2 feet of earth cover nust be naintained
over the top of each nmgazine and a minimumslope of 1" to 1 starting
directly above the spring line of each arch nmust be maintained to neet
expl osi ves safety requirements. Facilities constructed in the future
shoul d have a sl ope of 2 horizontal to 1 vertical to reduce erosion
and facilitate mmintenance operations.

c. Barricades shall be inspected not less than annually to
determ ne the degree of settling. Wen settling has occurred to
the extent that the barricade no | onger provides effective protection
fill shall be added in the ampbunt necessary. |nspection shall also be
made of wood revetted barricades, and rotted tinbers of planking,
affecting the strength or effectiveness of the barricade, shall be
repl aced.
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15-4. Quantity of Explosives. The explosives content of amrunition
or conponents is shown on approved AMC drawi ngs, Storage Safety Data
Sheets, InterimHazard C assifications, or the Joint Hazard
Classification System The total quantity of explosives in a
magazi ne, operating building, or other explosives facility shall be
the net weight of the explosives cal cul ated upon the foll owi ng basis.
Such cal cul ations are intended for use with the quantity-di stance
tables in DA PAM 385- 64.

a. Mass-detonating expl osives conpositions. The net expl osives
wei ght (NEW .

b. Non-mass-detonating expl osives
(1) Propellants. The net propellant weight.

(2) Pyrotechnic itens. The sum of the net weights of the
pyrotechni c conposition and the expl osives involved. Dyes and col ored
snoke | oaded in pyrotechnics are excluded.

(3) Bulk netal powders and pyrotechnic composition. The
sum of the net weights of nmetal powders and pyrotechnic conposition in
cont ai ners.

(4) Oher amunition. The weight of HE plus a suitable
contribution, if any, from propellant, pyrotechnic conponents, or
propelling charges. Goup A B, and C chemical agent, col ored
snoke, dyes, irritants, and pyrophoric agent TPA | oaded in nunitions
are excl uded.

c. Amunition itenms. The net wei ght of any hi gh expl osives
plus a suitable contribution, if any, from pyrotechnic conmponents, or
propellant materials. Wen testing has not established that
pyrotechnic or propellant contributes |ess than 100 percent equival ent
hi gh expl osi ve weight, the weight used will be the total weight of al
the energetic material in the itens.

15-5. Magazine Construction. a. Mgazines are usually not wired for
electric lights, but when electricity is used, the installation shal
conformto the requirenent of DA PAM 385-64.

b. Openings, other than doors, in nagazines shoul d be screened
to prevent entry of insects, rodents, and reptiles.

15-6. Magazine Area Arrangenent. a. Ammunition and expl osives
storage areas shall be subdivided into blocks of storage facilities
per the foll ow ng:

15-3



AMC- R 385-100

(1) No limt to the nunber of nmgazines with earth cover on
the top and at least three sides and with earth-covered or reinforced
concrete front walls. Revetted outdoors storage sites may be | ocated
bet ween these magazines if applicable quantity-distance criteria are
met and site approval has been obt ai ned.

(2) Not nore than 100 storage facilities of other types may be
|l ocated in a single block.

b. It is preferred that nagazines with earth cover on the top
and at | east three sides and wi thout door end barricades (separated by
applicable quantity distances) be oriented as foll ows:

(1) Unbarricaded door ends facing the sane direction

(2) Exterior faces of unbarricaded front walls of adjacent
magazi nes all on one imaginary straight line.

c. Storage bl ocks consisting of magazines with earth cover on
the top and at least three sides and with earth-covered or reinforced
concrete front walls shall be separated from bl ocks consisting of
magazi nes of other types by a distance of not |ess than 1200 feet.

d. Storage bl ocks consisting of facilities of other than the
earth-covered type shoul d be separated from each other by a mini num
di stance of 1200 feet if storage therein is restricted to categories
(04), (08), and (12) of class 1.2, and classes 1.3 and 1.4.

e. Magazines within a storage bl ock shall be separated from
each other by distances not |ess than those prescribed in applicable
quantity-di stance tables.

15-7. Magazine Operational Regulations. Flammable |iquids, except

when used as the chemical filler of anmunition, or as a prepackaged
storable liquid propellant, shall not be stored in nmagazi nes
cont ai ni ng expl osi ves.

15-8. _Qperations Pernmitted in Migazi nes Contai ni ng Expl osives or
Ammunition. Adjustnent of the |level or conposition of liquid in

whi ch an explosive is stored is perm ssible. Sensitive explosives
shal | be naintai ned wet only by adjustnment of the |level of the |iquid.
Care shall be taken to guard agai nst use of nondistilled water since
bacteria may produce gassing. Explosives, which may beconme dry due to
evaporation of sone of the liquid, shall not be pushed or forced down
into any liquid remaining in the storage container. Additiona

gui dance for conducting operations in nmagazine areas are addressed in
chapter 19.
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15-9. Qperations Pernmitted Qutside of Migazines. Boxes or containers
of hazard class 1.3 or 1.4 material may be opened outside of nagazines
for the purpose of visual exam nation in connection with prescribed
surveill ance operations with the foll owi ng conditions:

a. The inspection site is |ocated at greater than intraline
di stance from nagazi nes or other sites that contain hazard class 1.1
or 1.2 material. This separation distance nay be determ ned on the
basis of the total explosive weight of the itemthat will be |ocated
out si de the magazi ne for surveillance inspection purposes.

b. The inspection site is |located as far as practicable from
magazi nes contai ning hazard class 1.3 or 1.4 materi al

c. Magazine doors are mmintained closed while the boxes or
contai ners are open.

d. The quantity of items or materials |ocated outside the
magazi ne for inspection purposes will be the mninmumrequired for
safe and efficient operations.

15-10. Separation of and Wthin Areas. a. Explosives and anmmunition
operating lines and storage areas shall be separated from each ot her

i nert areas (warehouses, shops, administrative facilities, etc.) and
the installation boundary by appropriate inhabited building distance.
Expl osi ves and ammunition operating |lines shall be separated from each
other and from storage areas by inhabited building distance. Were
adj acent operations lines present simlar hazards they may be
separated fromeach other by intraline distance, although
survivability considerations may dictate the need for greater
protection.

b. A building, group of buildings, or operation conducted
in the open, when serving nore than one explosives |ine or area,
constitutes a special area and shall be separated fromthese |ines or
areas by inhabited building distance. A facility or activity that
serves a single explosives line or area may be separated fromthe |ine
or area by intraline distance; however, it nust be separated from al
other lines or areas by inhabited building distance. These genera
principles shall govern in all cases except--

(1) Facilities listed in d(1) and d(2) bel ow
(2) Normal maintenance operations may be performed in a
magazi ne area when authorized by the Commander, AMC per

par agr aphs 19-2c and d. Nornmal mai ntenance of small arnms anmunition
may be performed in nagazines containing snmall arns amunition only.
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(3) Amunition workshop buildings shall be located at a
m ni mum of inhabited building di stance from magazi nes, based on the
material in the workshop building or magazi ne, whichever requires the
greater distance.

(4) Were sufficient backup capacity is available such
that the loss of a facility, building, or operation will not
reduce the production capacity for all remaining |ines, an
existing facility serving nore than one |ine may be | ocated at
intraline distance fromone of these lines and i nhabited buil ding
di stance fromthe remaining |ines.

(5) Sunps or catch basins containing |l ess than 15 pounds
of explosives in water or in a wetted (desensitized) state and
wet scrubber facilities containing no nore than trace anounts of
expl osives, serving a single facility, are exenpt fromquantity
di stance requirenents with respect to the facilities which they
serve. The explosives lint of the building served by these
facilities will include the maxi nrum anpbunt of expl osives
permitted in the sunp/catch basin and scrubber facility,
whi chever is cl oser

c. Buildings fornming an operating |line shall be separated
fromeach other by intraline distance. CQutdoor operations or
operations conducted under sheds within an operating |ine shal
al so be located at intraline distances. Were fragments may be a
hazard, intraline distances may not provide sufficient
protection, in which case a barricade should be provided as
additional protection. This is particularly inportant where
personnel concentrations are high, such as |unchroons and change
houses.

d. M scellaneous structures in a nmagazi ne area--

(1) Field offices, ammunition surveillance buil dings,
bonbproofs, and ot her personnel shelters shall be separated from
magazi nes containing class 1, division 1 materials by intraline
di stance and from magazi nes contai ning other classes of nmaterials
by a m ni mum of magazi ne di stance.

(2) Change houses, |unchroons, packagi ng and shi ppi ng
bui | di ngs, dunnage preparation buil dings, and | unber storage for
magazi ne areas shall be located at a mininumof intraline
di stance from nagazi nes.

e. Inhabited building distances need not be applied to

facilities for the housing of security personnel who are required
by their mission to have a quick reaction capability in the
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imedi ate vicinity of a potential explosion site. Such security
facilities may be sited so as to provide a mni num of barricaded
Intraline D stance protection. Because at this distance from an
expl osi on, peak incident overpressures of 8 to 11 psi would
render personnel mlitarily ineffective, hardening the facility
to blast effects is advisable. Strengthening the facility to
resist small arns fire will provide protection against fragnents
and debris from an expl osi on but not from bl ast overpressures.

f. Separate facilities that do not contain expl osives and
that are used solely in support of a single explosives operating
building will be separated fromthe operating building served by
a m ni num di stance of 100 feet. |[If the support building is of
nonconbusti bl e construction as defined in TM5-812-1 and limted
to occupancies described in TM 5-812-1 as |ight industrial or
storage of ordinary conbustible or nonconbustible materials, the
m ni mum separation di stance between the support facility and the
operating building served nmay be reduced to 50 feet. The support
facility nust be separated fromall other facilities in the
operating line that contain explosives by a mninumof intraline
di st ance.

g. Training of troops who are not directly participating in
the installation mission shall be separated from anmunition and
expl osi ves not being used in their training by public traffic
route distance when the troops are in the open and inhabited
bui | di ng di stance when the troops are in unhardened structures.

15-11. Magazines and Magazi nes Areas. A segregated area shal
be set aside for the exclusive storage of ammunition and
expl osives, with the follow ng exceptions:

a. Al mgazines or open revetted sites in the nagazine
area may be used for the storage of ammunition-related inert
itens.

b. Magazines can be used to store nonanmunition itens or
materials if the results of a hazard analysis by the local safety
office indicates there are no unacceptable risks invol ving
exposures of personnel/material from adjacent amunition sites or
of the nonammunition material exposure to adjacent amunition
sites. Non-amunition-related inert material will not be stored
i n magazi nes contai ni ng amuni tion or expl osives.

15-12. Loading Docks. a. Loading docks, including elevated

docks, pads, container transfer sites, or other |ocations at
whi ch amunition or explosives are transferred to and from
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vehicles, including railway cars, shall be located at not |ess
than the foll ow ng distances:

(1) Magazi ne distance from nagazi nes, based on the quantity of
material in the nmagazi ne or on the dock, whichever is greater

(2) Intraline distance fromthe operating line or ammunition
wor kshop buil di ng the dock serves, based on the quantity at the dock
or building(s), whichever requires the greater distance.

(3) Inhabited building distance from adm nistrative areas,
inert areas, operating lines or amunition workshops which are not
served by the dock, installation boundaries, and other unrel ated
facilities.

(4) Magazi ne distance from ot her | oading docks.

(5) Intraline distance fromless-than-carload (LCL) buildings,
ammuni ti on surveillance buil dings, and other m scell aneous structures
in the nagazi ne area

b. The quantity of class 1.1 materials at one | oadi ng dock
shal | not exceed 250,000 pounds, except that two railcars containing
nmore than 125, 000 pounds each are permitted.

c. The use of |oading docks for purposes other than for which
they were originally intended should be di scouraged. When used for
pur poses ot her than shipping or receiving explosives and amunition
the quantity of explosives at the dock shall be the m ni mumrequired
for efficient safe operation and nust not exceed that permitted by the
appropriate quantity-distance table.

15-13. Permitted Open Storage. a. Open storage of anmunition/
expl osives material will not be used in |ieu of covered storage
enpl oyi ng standard facilities and/or nethods.

b. When circunstances dictate that |ong termopen storage (in
excess of 30 days) nust be used for storage of Army-owned materi al
the storing installation will submt a request for waiver per
paragraph 1-6 of this regulation. Requests involving naterial owned
by another service will be forwarded through the sane channel (through
HQ AMC, ATTN. AMCSF) to the owning service. Approval of short term
open storage (less than 30 days) is at the discretion of the Ioca
commander .

c. Bulk solid propellants, bagged propelling charges,

pyrot echni cs, bul k high explosives, and critical itens shall not
be placed in open storage.

15-8



AMC- R 385-100

15-14. Special Requirenents for Open Storage. a. General

I nhabi ted buil ding di stance and public traffic route distance
shal | be maintai ned around open storage sites as specified in DA
PAM 385- 64.

b. Sites between earth-covered nagazines. Sites may be | ocated
m dway between adj acent earth-covered nagazi nes which are 400 feet
apart, provided the sites are barricaded. Amunition in such sites
shoul d not be stored beyond |ines drawn through the fronts and backs
of magazines in the sane row. Barricadi ng does not reduce the
required inhabited building or public traffic route distances. The
storage of class 1.2 between earth-covered nagazines is not desirable
and shoul d be resorted to only when necessary.

15-15. Storage of Bulk Initiating Explosives. Bulk initiating
expl osi ves nust not be stored dry and shall not be exposed to the
direct rays of the sun. d azed earthenware crocks of anple size

to hold the double bag of material, and with covers of the plastic cap
type to prevent evaporation and elimnate friction of abrasion when
renoved, are used for normal storage. Proper selection and use of
covers is required to prevent friction and pinch points. |If [ong-term
storage in shipping containers is contenplated, the contai ner nust be
equi pped with a cover having a port for observation of the I evel of
liquid therein. The viewing port nust be covered with a transparent

pl astic which is known to be conpatible with the initiating explosives
bei ng stored. As an expedient only, bulk initiating expl osives nmay be
stored in shipping containers that are not so equi pped, provided

they are stored in frostproof earth-covered magazi nes, with containers
on end, only one tier high, and with passageways for inspection and
handl i ng. Bags of initiating explosives in storage containers nmust be
under distilled water. Al cohol may be added to the distilled water to
prevent freezing.

15-16. Solid Propellants. Propellants shall not be stored or shipped
i n damaged contai ners. Wen | eaking containers are di scovered, an
exam nation of the contents shall be made for the nitrous odor of
deconposing propellant. [If any such conditions are observed, the
propel l ant shall be segregated or properly disposed of. Propellants
and propelling charges in containers should be stored so that they can
be readily inspected. They shall not be exposed to the direct rays of
t he sun.

15-17. Small Arns Ammunition. Boxed small arnms anmmunition shall not
be used as barricades or dividing walls between stacks of other types
of anmuni ti on.

15-18. Separate-lLoading Ammunition, HE Loaded Except Explosive D a.
Separat e-1 oadi ng projectiles nust be handled with care. They shal
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not be stored without fuze-well closing plugs. Metal dunnage should
be used where practicable.

b. Cdass (18) 1.2 quantity-distances are the m ni num accept abl e
for class (18) 1.2 itens, regardless of the quantities of HE invol ved.
For class (18) 1.2 separate-loading projectiles, storage nust comply
with AMC Drawi ng 19-48-4102-1-2-14PE1001 in order to limt distance
requirenents to those prescribed by the class (18) 1.2 quantity-

di stance table. |If those projectiles are equipped with core-recessed
lifting plugs, the class 1.1 quantity-di stance table applies when the
total quantity of HE invol ved exceeds 15, 000 pounds in aboveground
magazi nes, even if storage conplies with AMC Drawi ng 19-48-4102- 1- 2-
14PE1001.

15-19. Separate-lLoading Anmunition, Explosive D Loaded, dass (12
1.2. Except where permanent bl ock type storage nmethods are used, this
type of projectile nay be stored with di stances between stacks not
nmore than that required to permt inspections.

15-20. Fixed and Sem -Fi xed Aimunition. Boxed fixed and sem -fi xed
ammuni ti on shall not be used as barricades or dividing walls between
stacks of other types of amunition.

15-21. Rockets and Rocket Mdtors. a. Wenever practicable, rockets
and rocket notors that are in a propul sive state should be stored nose
down. Rockets and missiles may be stored in standard earth-covered
magazi nes without regard to direction in which they are pointed except
that they will not be pointed toward the door of the nmgazine.

b. In aboveground rmagazi nes where nose down storage i s not
practicable, itenms (in a propul sive state) shall be pointed in
the direction which offers the | east exposure to personnel and
property in the event of fire or expl osion.

c. Rockets should be stored in a dry, cool nmgazi ne, out of
the direct rays of the sun. They should not be stored in |ocations
where tenperatures exceed 120 degrees Fahrenheit. Prol onged exposure
of rocket ammunition to either high or |ow tenperatures nay increase
the normal rate of deterioration or render the notors nore susceptible
to ignition if subsequently handl ed inproperly.

15-22. Tel ephones in Magazine Areas. a. Tel ephone conmuni cation
shoul d be provided in amunition and expl osi ves nagazi ne storage
areas. All tel ephones that are | ocated outdoors shall be protected
fromthe weat her.

b. The following may be used as a guide for tel ephone |ocations:
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(1) One per mmgazi ne bl ock

(2) One per mle and readily accessible fromthe installation
roadway and railroad systens, especially |oading docks.

(3) One per operating building (other than storage
magazi nes) wi thin the magazi ne area.

(4) One per manned gate entrance or exit.

c. Telephones will be tested periodically to ensure they
are operational

15-23. Hazardous Ammunition. Ammunition that has degraded (e.g., |ow
stabilizer) or is suspected of having defects that may result in

spont aneous reactions shall be segregated and stored separately
(separate magazine) from serviceable munitions based on the normal
quality and di stance standards for the quantity and class of nunitions
concer ned.

15-24. Storage of Amunition Containing Depleted U ani um (DU)
Ammuni tion stored and handled at AMC installations will be per
conditions stated in the Nucl ear Regul atory Conmi ssion |icenses and
ammuni ti on storage drawi ngs prepared by the U S. Arny Defense
Ammuni tion Center and School. [In addition, general storage and
handling rules in the foll ow ng paragraphs shall be foll owed.

a. Magazi nes containing depleted uranium (DU) amrunition
shal | be posted with signs indicating "Caution - Radi oactive
Material s."

b. Activities storing DU amunition shall post the foll ow ng
docunents in sufficient |locations to permt individuals engaged in
mai nt enance and transportation of DU ammunition to observe them on
their way to and fromthe storage |ocations.

(1) Title 10, Code of Federal Regulations, Parts 19, 20,
and 21.

(2) Form NRC-3, Notice to Enpl oyees.

(3) A copy of the NRC |license authorizing the storage or
handl i ng of DU anmunition at that |ocation

(4) Section 206, Energy Reorganization Act of 1974.
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(5) Any notice of violation involving radi ol ogi cal worki ng
conditions. |If posting of the above documents is inpractical, the
activity may post a notice which describes the docunments and states
where they nmay be exam ned.

c. The local fire departnment shall be notified of the |ocation
of each mmgazi ne used to store DU ammunition. The fire departnent
will also be provided with training concerning the hazards of DU

d. 1gloos containing DU amunition shall be surveyed by the
radi ol ogi cal protection officer (RPO per the conditions of the
appl i cabl e Nucl ear Regul atory Conmmi ssion (NRC) license(s) but not
| ess that annually.

e. Inspection of DU anmunition will be per the applicable
technical manuals. Wpe tests will be perforned using properly
calibrated radiati on nmeasurenment or counting instrunentation

f. Publications containing information on handling DU anmunition
are |isted bel ow

(1) AMC Handbook 385-1.1-89, Safety Procedures for Processing
Depl eted Urani um August 1989

(2) AMC Panphl et 385-1, Fundanentals of Health Physics for the
Radi ati on Protection Oficer, Septenber 1983.

15-25. Inspection of Magazines and Storage Sites. a. All in-use
ammuni ti on and expl osi ves storage magazi nes and sites will be
inspected at | east annually for conpliance with safety requirenents
and standards, and to detect any encroachnment into quantity distance
(QD) arcs that could require changes in explosives limts.

b. Explosives safety inspections perfornmed by Quality Assurance
Speci alist, Ammunition Surveillance (QASAS) personnel nmay be used to
satisfy the annual safety inspection requirenent. The inspection
reports must be provided to the safety office, reviewed by safety
of fice personnel, and copies of the reports maintained in safety
office files.

c. Safety office personnel will performan annual inspection of
at least 5 percent of all nmagazines and storage sites containing
ammuni ti on and expl osi ves when QASAS inspections are used to satisfy
the annual inspection requirenent.

d. Service magazines in use will be considered to be operating

bui l di ngs for inspection frequency purposes and will be inspected at
| east quarterly.
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15-26. Explosives Storage Facility Licensing Policy. a. Each
Maj or Subordi nate Command and Separate Reporting Activity that
has ammuniti on or expl osives storage |ocations shall inplenment an
expl osives licensing process that conplies with chapter 9,

DA PAM 385- 64.

b. Explosives storage licenses will be reviewed annual ly by
the cogni zant installation safety manager. This review wll
consider the results of inspections conducted as prescribed in
paragraph 15-25. If inspections perfornmed by QASAS personnel are
used to satisfy annual inspection requirenents, the report fornmat
must include verification of nmagazi ne contents and a statenent
regardi ng encroachnment, even if negative. The revieww |l also
include a reconputation of quantity limts per the [atest QD
st andar ds.

15-27. Storage of Research, Devel opnent, or Test Explosive Substances
and Articles. a. Explosive articles and substances produced for
research and devel opnent (R&D) or other test purposes (herein referred
to as "test items" or "test substances") will not be transported from
the installation where they were assenbl ed or manufactured w t hout an
interimor final hazard classification assigned by a proper authority
as specified in TB 700-2, Departnent of Defense Ammunition and
Expl osi ves Hazard C assification Procedures. The Major Subordinate
Command (MSC) Safety Ofice Chiefs nay determine the hazard cl ass,
division, and storage conpatibility group of each test itemor
substance to support storage only, in lieu of or pending the receipt
of an interimhazard classification. This authority nay be del egated
to installation and activity safety offices. The storage

cl ass/division of test substances whose hazard characteristics have
not been established by appropriate test nethodol ogy prescribed in TB
700-2 shall be 1.1

b. Test itens and substances shoul d not be stored indefinitely,
wi t hout pl anned use or purpose. Wen substances (nitrocellul ose based
propel lant, for exanple) could becone hazardous because of
deterioration, they must be disposed of or periodically tested for
stability, or otherw se determ ned periodically to remain stable and
saf e.

c. Atest itemstorage safety data sheet for each different

test article or substance will be posted in the roomor nagazine
in which the test article or substance is stored. A copy of the
data sheet will be nmaintained at the office of record for storage

operations and at the |local safety office. The sheet wll
include at least the follow ng information:

(1) Itemor substance description
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(2) Date the itemor substance was placed in storage.

(3) Storage |ocation (building nunber and room nunber, or
ot her description of simlar specificity).

(4) A list, including weights, of each explosivel/energetic
substance contained in the itemor container

(5) The hazard class, division, and storage conpatibility
group, and explosive weight, per item The weight will be the
total weight of all energetic materials in the itemor container
unl ess testing has established a | ower percentage contribution by
propel l ant or pyrotechnic substances to a detonation reaction of
hi gh explosives in the item The nane of the person who deternined

this classification will be included. |If an interimor final hazard
classification by an authority listed in TB 700-2 has not been
received, include the followi ng statenent: "TH S HAZARD

CLASSI FI CATION IS FOR STORAGE ONLY. THE TEST | TEM OR SUBSTANCE TO
VHI CH | T PERTAINS MAY NOT BE OFFERED FOR TRANSPORTATI ON FROM THI S

I NSTALLATI ON UNTI L AN | NTERI M OR FI NAL HAZARD CLASSI FI CATI ON HAS BEEN
OBTAI NED IN PER TB 700-2".

(6) Safety inspection and/or test criteria.

(7) The nane and tel ephone nunmber of the responsible custodian
(owner) of the item or substance.
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CHAPTER 16

PREPARI NG EXPLCSI VES AND AMMUNI TI ON FOR SHI PMENT

16-1. Ceneral Requirenents, Conpliance with Departnent of
Transportati on Regul ations. The general requirenments governing the
mar ki ng, packi ng, and shipping of mlitary supplies are set forth in
AR 385-64 and DA PAM 385-64. These operations will also conply with
Department of Transportation regulations. This chapter and chapter 17
contain additional requirenments applying to the narking, packing and
shi ppi ng of expl osives and ammunition

16-2. Marking. a. Wenever explosives or ammunition containers
or anmuni tion and anmuni ti on conmponents are repainted, the new
pai nting or marking shall correctly identify contents of itens.
The marking of enpty or inert |oaded anmunition itens for display
purposes is governed by the provisions DA PAM 385-64.

b. Expl osives, amunition, and | oaded amuniti on conponents
obt ai ned from sal vage operations, and material which has lost its
identification markings shall be clearly narked to show the expl osive
nature of the material. Explosive material or items which cannot be
definitely identified as to their explosive nature should be di sposed
of by technically trained personnel per paragraph 21-5.

16-3. Tenporary Storage in Shipping and Receiving (Less-Than-Carl oad
(LCL)/Less-Than-Truckl oad (LTL) Buildings. a. |In buildings
specifically designated and used as shi pping and receivi ng buil di ngs
for ammunition and expl osives, tenporary storage is pernitted subject
to the following linitations:

(1) Incomng shipments will not be allowed to accunul ate
and will be distributed as soon as practicable after receipt.

(2) Items for outgoing shipment will not be accunul ated
prior to receipt of orders covering each specific shipnent.

(3) Processing and handling within the facility will be
limted to expl osives, amunition and conpatible itens or
materi al s.

(4) Exposed explosives will not be pernmitted in the
shi pping and receiving building. Itenms processed or handled wll
be finished nunitions or bul k expl osives packaged in approved
shi ppi ng cont ai ners.
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(5) Lethal and incapacitating chenical agents, and nunitions
contai ni ng such agents, will not be l|located, handl ed, or processed in
a shi pping and receiving building concurrently with conventiona
ammuni ti on and expl osi ves.

(6) Operations within the facility will be linted to
tenmporary storage and activities associated with the preparation
of itens and materials for shipment. Renovation, nodification
rework, assenbly, disassenbly, and testing activities will not be
permtted within the shipping and receiving building.

(7) Inconpatible itenms of anmunition and expl osives will
be segregated during storage and during preparation for shipnent
by protective construction as indicated in paragraph b, bel ow.

b. Separate roons or bays shall be provided for the tenporary
storage of ammunition and expl osives. The storage roons or bays will
be separated from areas used for the preparation of itens for
shiprment, fromoffices and areas used for operations that do not
i nvol ve expl osives or anmunition, and from each other, by 12-inch
reinforced concrete walls as a mninum Dividing walls of this type
may be used for segregation of materials inconpatible in storage,
however, substantial dividing walls (para 5-6) nust be used to
subdi vi de quantities of explosives or amunition in the facilities for
t he purpose of reducing the mnimum separation di stance.

c. The controlling quantity of explosives for quantity-distance
determnations will be the sumof the nmaxi mum quantities permtted
within the building, on building docks and platforns, and in railcars
and other vehicles |located at less than intraline distance fromthe
shi pping and receiving building. Effective subdivision of explosives
| ocati ons by substantial dividing walls (para 5-6), or other approved
barriers, may be used to reduce the controlling quantity of expl osives
for quantity-di stance determ nations.

d. The followi ng requirenments are applicable to new construction
of shipping and receiving buildings, and to nodification of existing
facilities to serve as shipping and receiving buildings, in which
tenporary storage of ammunition or explosives is anticipated:

(1) Total facility automatic sprinkler systems will be
installed. The protection will be consistent with that stipulated for
nmoder at e hazard occupancies in TM 5-812-1, as a mininmum Dry pipe
systens should be used for installations subject to freezing.

(2) Electrical installations will conply with NEVA 4
standards (watertight), as a m ni nrum

16-2



AMC- R 385-100

(3) Alarmsystens will be installed as prescribed by
AR 190-11.

16-4 Containers. Hazardous materials in bulk or liquid formnust be
transported in containers which will prevent |eakage. Containers used
in intraplant transportation and service storage of explosives and
expl osives m xtures such as initiating explosives, pyrotechnic
compositions, and tracer materials should be made of material in the
foll owi ng order of preference

a. Conductive rubber
b. Plastics (conductive type only).

c. Nonferrous netal-1ined boxes w thout seans or rivet heads
under whi ch expl osi ve dust can accunul ate.

d. Paper-lined wood boxes.

e. Fiber drums. Fiber druns (DOT 21C) of bul k expl osives and
propel l ants shoul d be shipped only by notor carrier or trailer-on-flat
car. dass containers should not be used because of their fragility
and severe nissile hazard.

16-5. Black Powder Containers. a. Standard containers for black
powder are built per draw ngs that meet DOT specifications.

b. Wen bl ack powder is shipped or received, each container
shal | be inspected for holes and weak spots, particularly holes
made by small nails and which are visible only upon cl ose exani nation
Damaged contai ners nmust not be repaired; the content shall be
transferred to new or serviceabl e containers.

c. Enpty black powder containers may be reused, and may be
transported enpty provided they are clean. Enpty netal containers
which are not to be reused and will be sal vaged shall be thoroughly
washed inside with water

d. Black powder containers must be carefully opened. When
it is necessary to open containers by puncturing, the operation
wi |l be conducted by renote control

16-6. Containers for Solid Propellants. a. Solid propellants
shal | be packed per approved AMC draw ngs that conply with DOT
speci fications.
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b. Doubl e-based solid propellants, single-perforated solid
propellants, and all-solid propellants with web thickness not
greater than 0.019 inch should not be packed in all-steel boxes.
Metal |ined wooden boxes shoul d be used.

c. Unstable, condemed, or deteriorated solid propellant nmust be
packed subnmerged in water, in containers nmeeting requirements of 49
CFR.

16-7. Containers for Amunition and Bul k Hi gh Expl osives. a.
Ammuni tion and bul k high expl osives shall be packed per approved
AMC drawi ngs that conply with DOT specifications.

b. Containers used for packing bul k high expl osives shoul d
be lined with strong cloth or paper bags, or liners with cenented
seans to prevent sifting

16-8. Handling. a. Explosives or ammunition. Packaged ammunition
or bul k expl osives shall not be roughly handl ed, thrown about,
tunbl ed, dropped, or wal ked over other explosives or amunition.

b. Propelling charges. Rough handling may open seans in the
containers or |oosen the covers. The content of damaged contai ners
shal | be exami ned carefully by qualified personnel for noisture, signs
of deterioration, or foreign material before repacking. Propelling
charges must not be exposed to the direct rays of the sun. |If igniter
pads on propelling charges are broken, the charges should be handl ed
using the safety precautions prescribed for black powder.

c. Fuzes, priners, boosters, and detonators. All | oaded
components nust be handl ed with special care, as these are
extrenely sensitive to shock and friction.

d. Oher loaded itens. Suitable plugs or closures shall be
used to protect exposed explosives in itens during transfer within the
installation, such as transfer of projectiles fromde-fuzing or de-
boostering building to the expl osi ves washout building or to the
burning or denmolition ground.

e. Spotting charges. Spotting charges for practice bonbs filled
wi th bl ack powder shall be stored, handl ed, and shi pped under the
regul ati ons for black powder.

f. Use of conveyors. \Wen the precautions noted in subparagraph
a above are observed, explosives, anmunition and bonbs, packaged per
AMC approved draw ngs, may be handl ed on power and roller conveyors.
Loaded anmunition itens should not be |left on conveyors during
nonoper ati ng peri ods.

16-4



AMC- R 385-100

16-9. Ammunition subjected to undue or abnormal forces. Live
ammuni ti on itens or conponents whi ch have been subjected to any
undue or abnormal forces for test purposes, (drop test, vibration
test, etc.) will not be offered for shi pment by conmerci al

carrier nor be transported over public transportation systens by
Gover nnent conveyance except --

a. |Itenms containing small quantities of explosives and
constructed or packaged so that their explosive forces will be
self-contained if they function

b. Explosives itens for which both the testing agency and

the project manager or appropriate major subordi nate comrand agree in
witing can be safely transported.
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CHAPTER 17

TRANSPORTATI ON

17-1. Railroad Transportation. The operation of railroads
within an AMC establishment shall be per applicable current
directives particularly FM 55-21, Railways Operation and Safety
Rul es, AR 55-355, Defense Traffic Management Regul ation, 49 Code
of Federal Regul ations, and this regul ation

17-2. Specifications for Equipment. a. The regulations of the
Department of Transportation, the Federal Railroad Administration, and
the Association of American Railroads (AAR), pertaining to safety

devi ces, safety guards, design of equipnment, etc., are mandatory for
railway equi prent involved in transporting materials between
establishnents. Railroad equi pnent that does not nmeet DOT, FRA, and
AAR regul ati ons nmay be used on tracks solely controlled by a mlitary
installation with the condition that the cars shall be inspected at

| east annually to assure that they are safe to use under the
controlled conditions that exist on mlitary installations: e.g., |ow
speeds, short distances, and frequent use. |nspection nust be
performed to deternine--

(1) Brakes, wheels, journal boxes, springs, couplings, hoses,
and all other functional conponents are in good working condition

(2) Roof, doors, floor, and cargo space are in good condition
to protect and contain the | oad and that the floors are free of
expl osive contami nation and debris. In addition, the person in charge
of the | oading crew should nake a visual inspection before |oading a
car to deternmine that there are no obvious defects that would be cause
for rejecting the car. Car certificates are not required for novenment
within an installation.

b. Locomotives and other rail vehicles used within an
establi shnent shall be designed and equi pped to prevent starting
of fires. Diesel or gasoline-powered and other self-propelled
rail vehicles shall have spark arresters properly installed on
exhaust stacks. The spark arresters shall be adequately nmintained.
The El ectro-Modtive spark arrester manifold is approved for use on
di esel -powered | oconotives. Portable fire extinguishers (a mninimum of
one class 40BC) must be carried on all diesel |oconmotives and self-
propel | ed vehi cl es.

c. Loconotives and rail equipnent shall be painted to
increase their visibility per current regul ations.
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d. Mnimmclearance fromcenterline of standard gage tracks to
near edge of |oading docks, walls near depressed tracks, building |oad
pl atforns, etc., should not be less than 8 feet. The m ni mum di stance
bet ween track centers should be not |ess than 13 feet. The mi ni num
overhead cl earance fromtop of rail to a wire or structure should be
22 feet; the mininumvertical clearance fromtop of rail to any high
tension wire shall be per the requirenents of the Association of
Ameri can Railroads specifications and ANSI C2.

e. Were side clearance is inadequate for a man on the side
of a car, warning signs shall be posted at approaches to the
obstruction.

f. Tracks in classification yards should be so arranged that the
center-to-center distance between tracks is not |ess than 13 feet.
Enough crossovers shall be provided to switch cars and pernit rapid
removal of cars in case of threatened disaster in the classification
yards, hol ding yards, and holding tracks at backup stations.
Classification yards, holding yards, and interchange yards shall be
| ocated per the provisions of chapter 5 of DA PAM 385- 64.

g. Narrow gage or industrial tracks shall have a horizonta
cl earance not |ess that 18 inches fromthe side of the widest car
used and a m ni num headroom of 7 feet. Center to center of parallel
tracks shall be at least 2° feet nore than the width of the wi dest
car.

h. Dead-end tracks, wherever |ocated, shall be provided
wi th substantial bunper bl ocks or simlar equipnent unless it has
been deternined by the installation safety office that the
absence of such equi pment does not create a hazardous situation

17-3. Railways. a. Periodic surveys should be nade of roadbeds,
crossties, rails, spikes, switches, signals, derails, bunpers, etc.
Where the systemis electrified or grounded, inspection for proper
bondi ng and groundi ng of rails should be included in the surveys.

b. Gating should be installed to cover track hoppers under
tracks used for unloading materials from dunping cars.

c. On trestles where persons nay wal k, a wal kway shall be
provi ded on one side extending at |east 5 feet fromthe nearest
rail. Standard handrails with mdrail and standard toeboards
shall be installed at the outer edge. On nultitrack trestles the
wal kway may be between the tracks and guardrail need not be
provi ded.
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17-4. Signs and Signals. Suitable types of switch target lights
which are visible to switch crews working at night should be used.
Hand-si gnal |anterns shall be of an approved electric type.

a. Automatic signals or automatic signals and gates shal
be installed at railroad grade crossings where a study of the crossing
i ndi cates a need for advance warning of the approach of trains. The
study shoul d be based upon the volune of traffic, visibility, and past
experience at the location. The highway pavenent should be marked 100
feet ahead to warn notor vehicle operators of the |ocation of railroad
crossings where the prevailing speed of highway traffic is 40 nmiles
per hour (MPH) or greater. During periods where crossings are heavily
travel ed (shift changes), a traffic patrol man shoul d be assigned to
control vehicul ar and pedestrian traffic, or engines should be
required to stop at all main highways within the area until a menber
of the crew can act as a flagman and direct the | eading rail car across
the highway. Openings between rails shall be suitably filled at grade
Crossi ngs.

b. Loconotives shall approach crossings under full control
VWhen approaching a grade crossing the | oconotive whistle shall be
sounded (two | ong, one short, and one long blast) and the bell rung
continuously until the | oconotive has cleared the crossing. The speed
of the | ocomotive should not be greater than 5 MPH while making the
crossi ng.

17-5. Ceneral Intraplant Operation. a. The operating requirenments
given in this paragraph are in addition to the rules and regul ati ons
in other current applicable regulations (see para 17-1).

b. Personnel shall be on the alert at all times to detect
defective or unserviceable track or equi prment, suspicious or
unusual conditions or any condition which may be dangerous to
ef fective operation, and shall pronmptly report such conditions to
proper officials.

c. Personnel shall be informed of the location of obstructions
where cl earances are close. They nust not stand on track in front of
an approachi ng engine or car to board it.

d. Al trains must be run carefully during and after heavy
storns, particularly where tracks may be affected. Wen fog
stornms, or other conditions obscure the track, the speed of the
train nust be reduced to permit strict observance of rules and
ensure safety.

e. Trains must be fully protected agai nst any known conditions
which may interfere with their safe operation.
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f. Unauthorized persons nmust not be pernitted to ride on trains.

g. Al novenents in the classification yards are considered
as switch novenents. All other novenents are considered as transfer
nmovenent. Before any novenent of a car or cars containing expl osives
or other hazardous material and before making transfer nmovenents,
irrespective of the contents of a car or cars, all air hoses shall be
coupl ed, air brakes cut-in and are in proper working order. Cars
shal | not be uncoupled while in notion nor pulled apart by | oconotive
power. Proper safety precautions shall be observed in breaking air
hose connecti ons.

h. When single cars are spotted, the hand brakes shall be set
and the wheel s properly chocked. When nore than one car is spotted
and t he engi ne detached, the hand brakes shall be set on at |east two-
thirds of the cars or a cut of cars to assure that sufficient breakage
is provided. The hand brakes shall be set on the down-grade end of
the cut of cars. Reliance must not be placed on the automatic air
brakes to hold spotted cars.

i. Wile noving a car by using a car nover, a person nust be
stationed at the hand brake.

j. For transfer nmovements within installations, when cars are
moved by | ocomptives, loads in partly and conpletely | oaded cars shal
be bl ocked and braced sufficiently to prevent novement or shifting of
the load. 1In such cases, the car doors shall be closed when the cars
are noved by a | oconotive

k. Wien transfer novenents are nmade at night, a nenber of the
train crew nust take a position on the |eading end of the | ead car and
display a light.

|. Loconptives nust not be left in front of buildings and
| oadi ng docks contai ning hazardous materials |onger than necessary to
"spot" cars for loading or unloading. Cars at a building should be
| ocated so that enployees in the building will not be required to run
the length of the building should an enmergency arise and personne
must be evacuat ed quickly.

m Riding on the forward footboard or on the footboard
bet ween the | ocomptive and cars i s prohibited.

17-6. Rail Baggage and Express Cars. a. Wen anmuniti on,
expl osi ves, or other hazardous materials are | oaded in baggage
and express cars, the requirenents of subparagraphs b through h
bel ow must be net in addition to the requirenents of other parts
of this section.
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b. DOT regul ati ons nust be foll owed.

c. FElectric light switches shall be cut off prior to |oading or
unl oadi ng.

d. End and side doors shall be | ocked and seal ed. Doorway
protection shall be provided in cars when | ading extends into the
space between the side doors of the cars.

e. End walls of the car shall be properly dunnaged.

f. Al glass windows in side or end doors of the car shal
be covered with | unber.

g. Conposite cars; i.e., one-half passenger or mail, shal
not be used for transporting ammunition and expl osives.

h. Steam heating valves inside the car shall be shut off.
Expl osi ves and anmunition shall not be stacked agai nst steam

pi pes.

17-7. Car Inspection. Wod floored cars nust be equi pped with
spark shields

17-8. Leaking Cars or Packages. Leaking tank cars containing
compressed gases shall be switched to a location distant from

habi tati on and hi ghways and proper action taken for transferring
contents under conpetent supervision. Cars containing |eaking
packages or |eaking tank cars nust be protected to prevent ignition of
liquid or vapors by flane frominspectors' |anterns or torches,
burning fuses, switch lights, switch thawing flanes, fires on side of
track, or from other sources.

17-9. Handling Accidents on Installations Involving Cars with

Expl osives. a. Preventing fire. Wen an accident does not cause the
i mredi ate ignition or detonation of the explosives, the first and nost
i mportant precaution after caring for the injured is to prevent fire.
Bef ore beginning to clear a weck, all unbroken packages of expl osives
shal |l be renoved to a place of safety. Broken packages and as nuch of
the contents as possible will be gathered up and renoved for
destruction or repacking. The danger of sparks igniting and causing
possi bl e detonati on of | oose explosives (that cannot be inmediately
renoved) shoul d be reduced by covering or mixing earth with the

expl osive. Wen, PETN, |ead azide, or black powder is involved, the
area shall be wet down thoroughly. After renmoval of the weckage, the
wet ground nust be renoved to a safe place and burned. Oherwise, if
the ground dries, explosions nmay occur when the area is stepped

upon or struck.
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b. Fire fighting (See para 11-6). Wen a fire occurs near
a car containing explosives, every effort should be made to renove the
car to a safe place. No attenpt shall be nmade to fight a fire where
hazardous articles are directly involved, and all persons shall be
evacuated to distances provided in Chapter 3, DA PAM 385-64.

c. Broken packages. Broken or damaged packages of expl osives
may be repaired or repacked when it is practicable and not dangerous
to do so. Explosives shall be repacked wet if so packed in origina
cont ai ners.

17-10. Containers. Containers of explosives or amrmunition nust not
be opened or repaired in any railway car excluding railway cars used
as inspection points.

17-11. Technical Aid and Assistance in Event of an Incident |nvolving
Ammuni tion and Expl osives. a. AR 75-15 with AMC suppl enent

aut hori zes the Commander, AMC, to extend technical aid and assistance
as deened necessary in connection with the noving, salvage,

demolition, neutralization, or other disposition of Governnent-owned
shi pnents of expl osives and ot her dangerous articles being transported
or stored by carrier. Conmanders of AMC installations where
expl osi ves and amunition (including guided missiles an rockets) are
handl ed, are authorized to act for the Commander, AMC, in this regard.
AR 75-15 with AMC suppl enment outlines the responsibilities to be
assuned by carriers when assistance is rendered and procedures to be
fol | owed when assistance i s requested.

b. In extending requested assistance, conmanders shoul d instruct
their representatives to cover the follow ng points as a m ni num

(1) Upon arrival at the scene, report to the official in
charge who requested an AMC representative to be present to render
techni cal advice and assi stance.

(2) Determine if the scene of the weck is adequately
patrolled (day and night) by railroad personnel or |ocal police
and if persons other than those working on the weck are prohibited
from approaching the scene. |If this matter is not being properly
handl ed, suggestions should be nade to the official in charge for
correction. Enphasis should be placed on the danger of picking up any
hazardous material involved for souvenirs.

(3) Suggest to the official in charge that snoking and

the use of matches or flames in the area be prohibited if such
action had not already been taken.
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(4) The condition and position of wecked cars and the
condition of bracing and contents should be noted. |nspect containers
noting particularly any |eaking containers of explosives, anmunition,
or other hazardous materi al

(5) Confer with officials (including weck nmaster) and
di scuss, fromthe safety viewpoint, procedures for handling the
w eck, with enphasis being placed on the foll ow ng:

(a) Instruction of wecking crew concerning the hazard of
handl i ng hazardous material roughly.

(b) Renoval of broken containers and | oose expl osives,
ammuni ti on, or other hazardous material, that can be acconplished
bef ore handling of wecked railroad cars.

(c) Appraisal of condition of railroad car and contents to
all ow safe rerailing of car wthout reloading.

(d) Furnish advice as to which containers can be recovered
or repaired for reshipnent.

(e) Furnish advice as to which contai ners and amunition
shoul d not be shipped and as to their disposal, either by transfer to
an AMC installation for disposition or by destruction at the scene of
the incident. |If need for destruction of explosives or anmmunition at
the scene of the incident is determ ned, the Ordnance O ficer of the
appropriate Arny Area should be contacted and the services of an
Expl osi ves Ordnance Di sposal Oficer requested. (See AR 75-15,
Responsi bilities and Procedures for Explosive O dnance Disposal.)

(f) Furnish other advice relative to handling the
particul ar types of explosives, anmunition or other hazardous
material invol ved.

(g) Inspect area to ensure that all ammunition, explosives
or other hazardous material has been cleaned up or disposed of.

c. 1In order to permt acconplishment of necessary supply and
surveill ance functions, whenever the commuander of the AMC install ation
has rendered assi stance due to an incident as outlined above, the
commander shall inmediately contact--

(1) Conmander, U.S. Arny Industrial Operations Command (1 CC),

Rock Island, IL, ATTN. AMSMC-TM when anmunition itens other than
gui ded m ssiles and heavy rockets are invol ved.
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(2) Conmander, U S. Arny Mssile Comrand, Redstone Arsenal
AL, when guided missile amunition itenms or rockets are invol ved.
Such report will be nade by the nost rapid neans of conmunication
avail abl e, starting all pertinent facts concerning the incident.

(3) Conmmander of the Zone of the Interior Arnmy in whose area
the incident occurred when nucl ear weapons are invol ved.

d. Any action required, other than that outlined above, wll be
directed by the Commander, U S. Arny Industrial Operations Conmand,
for amunition itens other than guided mssiles and rockets.

e. Incidents resulting in explosions of anmunition or explosives
shal |l be reported by the installation rendering assistance per AR 385-
14, Transportation Accident Prevention and Energency Response
I nvol vi ng Conventional Minitions and Expl osives.

17-12. Mdtor Vehicle Transportation Mtor Vehicle Safety Program

a. The operation of notor vehicles within an AMC
installation shall be per this and other applicable current
regul ati ons.

b. Current regulations, particularly AR 385-10, Arny Safety
Program require the institution of a notor vehicle safety
program as part of the overall safety programof an AMC installation
AR 385-55, Prevention of Arnmy Mdtor Vehicle Accidents, contains
detailed information for inclusion in such a program This paragraph
and paragraph 17-14 outline a recomended notor vehicle safety
program

c. An appropriate countermnmeasures programw ||l devel oped to
assist in reducing Arnmy Mtor Vehicle accidents. Additional
assistance will be provided by the Provost Marshall's Ofice as
required.

17-13. Adninistration of Program a. GCeneral. An effective traffic
acci dent prevention program shall be included in the overall safety
program and admi ni stered by the installation Safety Director. He nust
cooperate with the various supervisors whose functions are pertinent
to traffic activities and whose active cooperation is essential to the
successful acconplishrment of the program These include, but are not
limted to the foll ow ng:

(1) Supervisor responsible for spot control of traffic when
necessary.
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(2) Motor vehicle maintenance supervisor when accidents
i ndi cate mai nt enance defici enci es.

(3) Facilities engineer where accident indicate physica
hazards and nonexi stence or inproper function of traffic signals,
etc.

(4) Transportation supervisor when high accident |ocations,
driver deficiencies, and traffic congestion are pertinent.

(5) Training supervisor
(6) Traffic Control Conmmittee or |Inquiry Board
(7) Provost Marshall.

b. Accident reporting and foll ow up

(1) Each notor vehicle accident which occurs on the
installation and each occurring off the installation involving
CGover nment - owned vehicl es assigned to the establishnent shall be
i nvestigated by conpetent personnel and reported as required by
current regul ations.

(2) Each traffic accident and investigation report shal
be transmitted to the Safety Director for conplete analysis of
the accident and di ssem nation of resultant information

(3) Inconplete reports of accidents submtted by drivers
shoul d be returned through their i mediate supervisor for conplete
i nformati on.

c. Accident records. The notor vehicle safety program shoul d
require the followi ng records

(1) Accident spot map of the installation should show the
specific |l ocation of each accident, and the identifying nunber which
designates the particul ar accident report fromwhich the information
was obtained. As an adjunct to the map, a sinmilarly nunbered |i st
shoul d indicate the identifying nunbers, |ocation, hour of the
accident, and the specific unsafe acts or conditions involved.

(2) A nonthly and cumul ative tabul ati on sheet contai ni ng
a conpl ete breakdown of all reported accidents.

(3) A sinple card record of drivers show ng the nane,
badge, or payroll nunber, and such data as the tine and pl ace of
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acci dent or violation, and the unsafe act involved. This file
shoul d be maintained to assure pronpt identification of accident
repeaters

d. Periodic summaries. Periodic summaries of notor vehicle
accident and traffic violation informati on shall be conpiled and
di sseminated to interested supervisors designated in subparagraph
a above for appropriate action as determned by the local safety
of ficial

e. Warning signs. Stop, railroad crossing, curve, speed zone,
and no-passing signs or signals should be used as |ocal conditions
dictate. Standard hi ghway regul atory, warning and gui de signs as
require by current ANSI Standard D6.1, "Manual on Uniform Traffic
Control Devices for Streets and Hi ghways," shall be used exclusively
t hroughout the establishnent. Al signs that are intended to convey
the nessage during periods of darkness or poor visibility shall be
reflectorized or illumnated. Specific hazards should be identified
by posting appropriate warning signs.

(1) The use of an excessive nunber of warning signs should be
avoi ded to prevent unreasonabl e inpedi nent of traffic flow and the
breedi ng of disregard for all traffic controls.

(2) Warning signs in the speed zones specified shall be
pl aced at the follow ng mninum di stances from hazards to assure
drivers sufficient time to adjust driving to cope with the hazard.

Speed Zone (MPH) Di stance (Feet)
15 36
25 55
35 101
O hers 200

(3) Heavily travel ed gate entrances and exits, particularly at
shift change, should be channelized so that two or nore traffic |anes
can be formed to expedite traffic flow Channelizing should be
acconpl i shed by road striping and instructional signs.

(4) Hazardous curves should be posted and the road shoul d
be striped if the road surface pernmits. At sharp turns crash
fences shoul d be erected and striped in contrasting colors for
visibility.

17-10



AMC- R 385-100

(5) Blind intersections shall be appropriately posted. At
blind intersections in congested areas, reduced speed limts should be
enforced, and, if necessary, stop signs installed for the | esser flow
of traffic. At dead end streets, crash fences should be erected and
striped in contrasting colors for visibility.

(6) Al regulatory signs or signals rmust be located within
the confines of the installation boundary, except where prior approval
of state or local authorities has been obt ai ned.

f. Road, parking and pedestrian traffic |ayouts.

(1) Pedestrian |lanes designated by strips or portabl e standards
shoul d be used where | arge nunbers of pedestrians cross heavily
travel ed roads at recurring intervals such as shift change times.
Conflicts between pedestrian and vehicular traffic should be reduced
to a mni mum nunber of controllable points. Vehicular traffic nust
stop for posted pedestrian signs unless personnel are stationed at
such |l ocations to control vehicular and pedestrian traffic.

(2) Adequate clear passage | anes should be provided in
parking lots for through traffic. No parked vehicle should be
permitted to encroach upon clear passage | anes. One-way entrances and
exits for parking lots shoul d be designated where necessary to
facilitate traffic noverent with a mininumof conflict. Parking lots
shoul d have safety aisles for pedestrians.

(3) Parking of vehicles, other than those necessary for
efficient operation, shall not be permitted in close proximty to
operating buildings or other structures where there is considerable
traffic congestion. Parking of vehicles should be prohibited on
shoul ders of roads in congested areas during heavy traffic periods.

g. Driver training (AR 385-55, AR 600-55).

(1) Each driver shall be trained in the operation of the
specific type of vehicle to which he will be assigned before being
permitted to operate the vehicle. Additional training should be given
i f necessary when assignnments are changed.

(2) Drivers who have been involved in violations or an acci dent
shoul d be given specific training in the particular unsafe act which
caused or contributed to the violation or accident. This training
shoul d be sinple, brief, and focused upon the phase of operation in
which the driver is considered deficient. Actual operation of the
vehicle under realistically sinulated conditions in the i medi ate
presence of a conpetent instructor should be included.
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(3) Asinple set of traffic rules and regul ati ons appropriate
to the installations should be prepared and given the w dest
practicable distribution to personnel engaged in the operation of
vehicles on the installation. Accident violation trends discl osed
t hrough accident reports should al so be highlighted and di sseni nat ed
to personnel through supervisors' neetings, safety neetings,
installation publications, and simlar nedia.

h. Educational enforcenent. Proper driving practices of
nmot or vehicl e operators shoul d be devel oped and controlled by
educational enforcement. Educational enforcenent should consi st
of the assignment of personnel, preferably guards, to control
traffic at intersections or |ocations which are high in accident
frequency or traffic congestion. Prior to each assignment, the
desi gnat ed person should be fully informed of the specific problem or
unsafe act which has caused trouble at that point in the past.

i. Preventive enforcement. After educational enforcenment has
been applied and safe driving practices develop in the mgjority of
vehicl e operators, recalcitrant operators may be controlled by
preventive enforcement. In the event that an authorized person
observes a mlitary driver action which is contrary to existing
regul ations, a witten warning should be issued to the of fendi ng
driver, with a copy routed to the individual in charge of the program
and another copy to the driver's supervisor. After a second warning
has been issued to the same driver, the driver should be given
specific training to remedy the violating practices reported. |If
three warnings are issued to the same driver within 12 nonths,
punitive action should be taken as deened necessary upon the facts
involved in all three violations. However, punitive action is wholly
perm ssible and in many cases desirable, on either the first or
second warni ng, dependi ng upon the gravity of the violation. In
cases involving civilian drivers, action should be taken per the
Tabl e of Standard Penalties prescribed by Civilian Personne
Regul ati ons.

j. Punitive enforcenent. Punitive enforcenent neasures shoul d be
applied to enpl oyees who have received three warnings within 12
mont hs, enpl oyees involved in outstanding flagrant traffic violations,
and enpl oyees whose actions have caused notor vehicle accidents on the
installation or accidents involving a Governnent vehicle off the
installation. A point systemnay be established per AR 190-5.
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k. Traffic control personnel. Wen circunstances dictate
that personnel of the Department of the Arny be assigned traffic
direction and control duties, appropriate reflectorized or illum nated
clothing and equi pnment will be provided and worn for their protection
at night and other periods of poor visibility (except where such
duties are perforned in well |ighted areas).

|. Seat belts. Mdtor vehicle seat belts will be used as
prescri bed by AR 385-55.

17-14. Mdtor Vehicle Shipnment Regulations. Mtor vehicle

shi pnents on public highways are governed by the Departnent of
Transportation regulations. Al motor vehicle shipnments from an
AMC installation shall conply in full with the applicable
portions of DOI, State and municipal regul ati ons except as
provided for in these regulations. Before any notor vehicle
desi gnated for novenent over public highways nay be | oaded with
amuni tion or explosives and ot her dangerous articles, as
specified in Chapter 33, Section Il, AR 55-355, the vehicle nust
be inspected and approved by a qualified inspector for conpliance
with AR 55-355, DD Form 626 (Mtor Vehicle Inspection). After

| oadi ng, |ading nust be inspected and approved. Driver

sel ection, training, etc., for interplant shipping and for
operation of CGovernment-owned trucks on public highways shall be
per pertinent requirements of 49 CFR  Parts 390-397, Federa
Motor Carrier Safety Regul ations, FM 55-30, Arny Mtor Transport
Units and Operations; and FM 21-305, Manual for the \Weel ed
Vehicle Driver.

17-15. Motor Vehicle for Explosives Shipnent. Cargo-type trucks
and truck-tractor drawn semitrailer vans are the preferred neans
for transporting amunition, explosives, and other hazardous
material. Oher types of trailers should not be used by AMC
installations for this purpose except where the material is
sufficiently large to nake handling by vans inpractical (this
restriction need not apply to licensed conmon carriers and
contract equipnent). Red lights are not permitted on the front
of vehicles transporting expl osives and amrunition.

17-16. Inspection of Vehicles. Government-owned notor vehicles
used for transportation of hazardous nmaterials shall be inspected
quarterly using DD Form 626 or |ocal equival ent by a conpetent
person, other than the driver, to see that nechanical condition
and safety devices are in good working order. Daily inspections
shal |l be nade per Chapter 7 of DA PAM 385-64.
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17-17. Operating Requirenments. The follow ng requirenents shal
be observed in the operation of CGovernnent-owned/| eased nmotor vehicles
transporting expl osives, ammunition, and other hazardous materi al

a. The brakes of conveyance nust be set when parked and nmaterials
handl i ng equi prent (IVHE) is operating in and out of conveyance. Wen
parked on a grade, at |east one wheel nust be chocked. Safety jacks
may be necessary to support a semitrailer during the |oading and
unl oadi ng when the trailer is not coupled to a trailer

b. Wen a notor vehicle approaches within 25 feet of the doors of
a structure through which a shipnent is to be noved, the doors nust be
kept closed until the notor has been switched off unless the exhaust
systemis equipped with a spark arresting device or no exposed
expl osives are present. Exposed expl osives exclude finished
ammuni ti on and expl osi ves packaged for shipnent per DOT regul ations.

c. Wen it is necessary to transport explosives on routes where
ferry-boats, tunnels, or toll bridges will be encountered, |ocal State
officials should be contacted to deterni ne what procedures must be
followed to conply with their regul ations.

d. Trucks containing anmunition or expl osives should not be
refuel ed within nmagazi ne or expl osives areas of AMC installations
including refueling fromnobile units. A central refueling station
| ocated outside the restricted area shoul d be used.

e. No explosives shall be |oaded into or unl oaded from notor
vehicles while their notors are running except when required to
provi de power to vehicle accessories such as mechani cal handling
equi prrent used in the | oading and unl oadi ng of the vehicle,
provi ded- -

(1) The accessory is an integral part of the vehicle.

(2) The exhaust gases fromthe nmotor are enitted at |east
6 feet fromthe point at which the | oadi ng operations are conducted
and are directed away fromthis point.

(3) The exhaust pipe is equipped with a spark arrester

(4) Materials being | oaded or unl oaded whi ch nay evol ve
fl ammabl e vapors are enclosed in tightly fitting containers.

17-18. lnspection and Movenent of |nconing Shipnments. [ncom ng or
out goi ng ammuni tion and expl osives | oaded trailers that cannot be
exchanged directly between the carrier and the AMC installation may be
moved into the interchange yard. Quantity-distance provisions do not
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apply provided the trailers are noved expeditiously fromthe
i nterchange yard. At |east 10 feet separation should be maintai ned
between trailers in an interchange yard.

17-19. Intraplant Mvenent. Loading and bracing of anmmunition
and conponents for intraplant (on-post) novenment will be per AMC
Loadi ng and Braci ng Drawi ng nunmber 19-48-4306-5-11Q1000.

17-20. Air Transportation. The transportation of anmunition
expl osi ves and ot her hazardous materials by civil aircraft is
regul ated by the DOT. See 49 CFR

17-21. Pernmissible Air Shipnents. Hazardous materials that may

be shipped by civil air are identified in 49 CFR 172.101 al ong

with the maxi num net quantities per package, and in chapter 4 of

TM 38-250 for shipnments by mlitary aircraft. External or interna
transportation of electrically initiated explosive | oaded itens or
conmponents by helicopter will not be permitted without prior approva
fromthe Conmander, AMC. Packages must conformto the requirenents of
DOT regul ati ons. Dangerous articles and other cargo nust be firmy

| ashed to the aircraft structure or otherw se secured to prevent
shifting in flight. Signaling devices, equipnent necessary to pronote
safety in operations, small arns equi pnent in noderate quantities for
personal use and other itens as permtted in Title 49 CFR part 175.10
may be carried w thout conplying with the above requirenents.
Dangerous articles must be placed in a baggage conpart nent

i naccessi bl e to passengers during flight.

17-22. Mlitary Aircraft Operating Regulations. a. Operation
of military aircraft shall be per requirenments outlined in the
applicable flight envel ope, Arny and/or Air Force regulations,

and as further required by locally established regul ations.

b. Prior to take-off or landing, the pilot nust contact the
tower for taxi, take-off, or |anding and parking instructions.
The pilot shall, when requesting instructions, make known the
contents of the cargo and shall request priority for his
aircraft.

17-23. Damaged Shipnents. Air shipnents of expl osives or
ammuni ti on received at an AMC establishment in a damaged
condition or not | oaded per applicable requirenents shall be
reported on SF 361 per AR 55-38, Reporting of Transportation

Di screpancies in Shipnents. |f danage was due to inproper
preservati on, packaging, or packing, SF 364 will be prepared per
AR 735-11-2.
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CHAPTER 18

MATERI ALS HANDLI NG EQUI PMENT

18-1. GCeneral. Specification, operation, and naintenance of

mat eri al s handl i ng equi prrent shall be per this regulation, TM 5-725,

Ri ggi ng, DA PAM 738-750, The Arny Mii ntenance Managenent System DOD
4145.19-R-1, Storage and Material Handling; and OSHA and NFPA

regul ations. Materials handling equi pnent contam nated with hazardous
mat eri al s/ hazardous wast es such as pol ychl ori nated bi phenyl (PCB) may
not be renoved fromthe area in which they are used unl ess
decont am nated or cl eaned by approved procedures.

18-2. Power Trucks and Tractor Specifications. Trucks w th end-
operating platforns or pedals shall be equi pped w th platform guards
of heavy channel iron and heavy steel plate or materials of equa
strength. The guards should be at |east 18 inches high on the sides
and shoul d extend a sufficient distance beyond the platform or pedal
to protect the operator. Overhead guards neeting the requirenents of
DOD 4145.19-R-1 and ANSI/ASME B 56.1 are required for fork lift trucks
of all types. Exceptions may be granted in witing by installation
commanders only when the height of the overhead guard would deny entry
of fork lift truck into work locations or the overhead guard woul d be
| ower than the top of the operator's head. Modifications nust have
the approval of the manufacture per OSHA standards. |n such cases,
the forklift truck nust be equipped with a standard | oad back rest
(vertical package guard) designed according to specifications in

ML-T 21870 and M L-T 21869. Back rests nay be nodified in design to
facilitate operation in proximty to curved roofs of igloo type
storage magazines. Lift trucks shall be designed to prevent the
sudden dropping of the load in the event of a power failure.

18-3. Battery Powered Equi pnent for Handling Expl osive Materi al
Battery powered equi pnent and its use in hazardous | ocations shal
conply with OSHA and NFPA standards. All equipnment will be
appropriately | abeled for ready identification

18-4. Refueling Procedures. a. Gasoline and diesel powered
equi pnent refueling nmust conformw th the requirenents of chapter 3 of
DA PAM 385- 64.

b. Refueling of permanently nounted LP gas fuel tanks shall be
done outdoors at |east 50 feet frombuildings critical to the m ssion
of the installation and at |east 15 feet from LP storage tanks at the
end furthest fromthe relief valve. The filling plant shall conform
to NFPA Standard No. 58.
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c. Replaceable fuel tanks may be exchanged indoors at |east 25
feet fromopen flames or other ignition sources provided that prior to
di sconnecting the enpty fuel tanks the fuel supply is shut off at the
tank and the engine is operated until all fuel in the systemis
consuned.

18-5. Equipnment for Refueling. In addition to the requirenents
given in the precedi ng paragraph, refueling equipment is subject
to the foll ow ng:

a. Refueling truck construction should conply with requirenents
outlined in NFPA Standard No. 385, "Flammabl e Liquid Tank Vehicles."
An approved discharge hose with self-closing nozzle should be
provi ded. Refueling trucks shall be provided with a portabl e bondi ng

wire to be clanmped to the equi pment before refueling. |If a conductive
hose is used, the resistance shall be checked at frequent and regul ar
i nterval s.

b. If portable wheel ed tanks are used (50 to 60 gallons
capacity), they shall be of a type approved by Underwiter's
Laboratories or other recognized testing agency.

c. The refueling truck or portabl e wheel ed tank shoul d be
equi pped with a 10-20 pound carbon di oxide or 4-6" pound dry chemnica
extingui sher (5-BC minimum or this equi pment should be avail able
nearby. Enpl oyees who refuel or operate materials handling equi prent
shall be trained in the proper use of the extinguishers and in
reporting fires.

d. If portable containers are used for refueling they shall be
approved safety cans, with flane arrester screen, not exceedi ng
5-gal l on capacity.

18-6. Storage of Gasoline, Diesel-Powered or LP-Gas-Powered

Equi pnent. a. Gasoline, diesel-powered or LP-gas-powered equi prent

shall not be stored in buildings containing expl osives or anmunition

or on expl osives | oadi ng docks or piers when expl osives or amrunition
is present.

b. A central storage location for gasoline, diesel-powered or LP-
gas- powered equi pnent is preferred. Such a building should be |ocated
at least 50 feet fromother buildings so as not to constitute a fire
hazard. Storage areas for LP-gas-powered equi pnent should have
conti nuous positive mechanical ventilation fromthe floor |evel.

c. |If gasoline-powered equipnent is stored outdoors or in
unheat ed buil di ngs, care should be taken to prevent cracking the
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sedi rent bowl as a result of noisture collecting and freezing in
the bow .

d. If on a grade, the wheels of the vehicle should be blocked to
prevent novenent of the truck in event of brake failure.

18-7. Storage of Battery-Powered Equi pnent. When necessary for
efficient operation, battery-powered MHE permitted for use in
bui | di ngs or mmgazi nes cont ai ni ng expl osives or ot her hazardous
materials may be tenmporarily stored in nmagazi nes containi ng packaged
ammuni ti on and expl osives and inert warehouses provided the follow ng
conditions (designed to prevent fires or other trouble from occurring
during unattended periods) are mnet:

a. Periods of idle storage shall not exceed 4 days.

b. After each workday, MHE will be inspected for hot brakes,
| eaking oil, or fluid. |If found, the MHE will be renoved fromthe
bui I di ng.

c. MIE will be made inoperative by renoving ignition keys,
activating shut-off switches, or seat control disconnects, etc.
Battery cables will not be disconnected in expl osives storage
| ocations due to the possible arcing when term nals separate.

d. MIE will be parked and secured at the maxi mum di stance from
the expl osives or anmunition

18-8. Maintenance. Inspection and nai ntenance of MHE shal
be acconplished per applicable regulations. A daily inspection check
made by the operator shall include itens listed in an authorized

checklist. The hoisting and tilting mechani smand water-type
mufflers, if installed, shall be checked before and after each day's
operations. Records of inspections, repairs and service shall be kept
up to date. Neither nmintenance nor repair of equi pment shall be
acconpl i shed in explosives storage or operating buildings. Battery
charging stations and nai ntenance shops for battery-powered equi prent
preferably should be located in an inert area. When these facilities
serve a single explosives operating line, they may be | ocated at
intraline distance fromthe operating buildings; |ocations having
exposures to mninumaquantities of explosives in the line (inert end
of line) are preferred. Battery charging stations for MHE used in
magazi ne areas only nmay be | ocated at nagazi ne di stance from

magazi nes. (Operator preventive mai ntenance may be performed on
nonconbusti bl e docks of expl osives operating buil dings provided

the docks are clear of ammunition and expl osives.

18-9. Operator Selection and Training. Operators shall be carefully
sel ected, thoroughly trained, and required to pass an operating test
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before they are permitted to operate powered materials handling

equi prrent. The selection and training of operating personnel shall be
per the program described in DOD 4145.19-R-1. Al operators should
undergo an examination to elimnate those physically unfit for this
type of work.

18-10. Operating Requirenments. a. A distance of at |east three
truck I engths shall be maintained between trucks in operation

b. Transportation and/or noving fuzed amunition, including
bonbs, directly or indirectly on the forks of Iift trucks without
skids or pallets is prohibited unless such containers are so designed
to be safely carried in this nmanner. Loaded unfuzed bonbs may be
carried directly on the forks of lift trucks. Boxes of finished
ammuni ti on when of sufficient length so as to be firmy supported on
both forks may be carried directly on the forks.

c. Riders, lunch boxes, newspapers, extra clothing (not being
worn), etc., shall not be permitted on lift trucks at anytinme. Wen
the equi pment is used as a personnel |ift, approved safety pallets
must be used (DOD 4145.19-R-1).

d. Forklift trucks used outside after dark shall have red
reflectors on the rear and be equi pped with headlights (front and
rear).

e. Operators shall not make any repairs on their machi nes nor
tamper with any nechani cal devices. A report shall be nade to the
foreman indicating repairs necessary so that the trucks may be kept in
safe operating condition at all tines.

f. Gasoline-powered equi pnent shall be started and the notors
thoroughly warmed up before entering any buil di ng.

g. Loads on tines of forklifts nust not extend nore than one-
third of the height of the top tier of containers above the |oad back
rest. Wen handling two |low profile unitized (or sinmilar) |oads
t oget her because of |ow overhead cl earance the package guard mnust
extend to at |least one-third the height of the top unit of the |oad.

18-11. Handtrucks. a. Handtrucks nmay be two-, three-, or four-
wheel ed. Each type is constructed for special purposes and a carefu
survey shall be made to assure that the proper equiprment is being used
on the various jobs since special hazards are inherent in each type of
truck.

b. Handtrucks with broken or damaged wheel s shall be renoved from

service inmediately and repaired. Nails, pieces of wire, or other
substitutes shall not be used in place of cotter pins to hold wheels
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in place on axles. Trucks should not be stored in passageways. Each
truck should be nunmbered for identification to facilitate inspection
and mai nt enance.

c. Flooring over which trucks nust travel shall be kept free
from hol es and depressions. Aisles and passageways shoul d be marked
and kept free of materials and obstructions. Wen trucks nust be
wheel ed up and down ranps, the surface of the ranp should have a rough
finish to prevent people fromslipping or falling. Walkways should
have devices to prevent wheels fromrunning off wal ks, particularly
where inclines may be steep. Loading plates or gangpl anks used
bet ween platforns, freight cars, notortrucks, and trailers shall be
fastened securely to prevent novenment while in use. Wen trucks are
pl aced on el evators, the wheels should be chocked.

d. Handtrucks and buggies with nmore than two wheel s shoul d have
the following features: |ow center of gravity; design that wll
pernmit easy washing and cl eaning, and when pulled by power units and
used on plant roads at night, handtrucks, trailers and buggies should
have reflectors. The power units nust be equi pped with headlights.

In addition, those units used for transporting expl osives material out
of DOT packagi ng shall be addressed in the hazard anal ysis and have
appropriate safety devices when required.

e. The method and sequence of unl oadi ng shoul d be consi dered
before loading a truck, particularly if hoisting equi pnent is used.
Bl ocks shoul d be used to separate sections of the load to pernmit easy
fastening of slings at the unloading point. |If selective stacking is
required at the unl oading end, the nmaterial should be | oaded on the
truck in proper sequence. Trucks should not be | oaded to a hei ght
that will obstruct visibility in both directions unless at |east two
men are assigned to nove the truck. Loads shall be placed to prevent
ti pping, shifting, or falling.

f. Handtrucks/pallet jacks, not containing an energy source,
may be stored in operational nagazi nes when it can reasonably be
expected that they will be required for use to relocate itens or
| oad/ unl oad the magazi ne. Pernmanent storage of handtrucks/pall et
jacks in the nmagazine is prohibited. Good housekeeping and safe
practices will be foll owed.
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CHAPTER 19
AMVUNI TI ON PRESERVATI ON AND PACKI NG
MCDI FI CATI ON, RENOVATI ON, AND DEM LI TARI ZATI ON

19-1. Standing Operating Procedures. SOPs shall be established,
approved and posted as required by DA PAM 385-64 and AMC-R 700-107

19-2. Layout of Operations. a. Amunition nornal naintenance,
nmodi fi cation, renovation, and demlitarization operations should

be perfornmed in operating buildings within the amunition workshop
area. These buildings nmust be separated from each other by a mnini num
of intraline distance and from nmagazi nes, other operating buil di ngs,
inert areas, etc., by a mninmumof inhabited building distance.
Concurrent renovation, nodification, normal maintenance, or
demlitarization is permtted within a workshop area except as
fol | ows:

(1) The repacking of bulk black powder shall not be
acconpl i shed concurrently with operations on itens having a
m ssi |l e produci ng hazard.

(2) Bulk initiating explosives shall not be processed,
| oaded, or otherw se handl ed while other operations are in
progr ess.

b. Unless a building is specifically designed for concurrent
operations, perm ssible concurrent operations (para a, above)
shoul d be acconplished in separate buildings |ocated at the
appropriate intraline distance fromother operating buildings in
the workshop area. Wen necessary to conduct concurrent operations in
the sanme building, they nust be arranged in a manner to segregate the
itens so that dissimlar hazards are separated by a reinforced
concrete dividing wall. The quantities of explosives and nunber of
personnel exposed at each concurrent operation shall be held to the
m ni mum consi stent with safe and efficient operating procedures.

c. Were the facilities described above are not avail abl e
and when approved by Commander, AMC, nornal mai ntenance, and in
sonme cases nodification and renovation operations nay be
performed in an enpty magazine or in the open at intraline
di stance fromthe nearest explosives storage |ocation, based on
the maxi num quantity of explosives at the operations, but in no
case less than 90 feet. These operations nmust be separated from
ot her operating locations (including |oading docks) in the
magazi ne area by intraline distance based on the larger quantity
of explosives involved. The site chosen nmust be devoted
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exclusively to the work and all necessary saf eguards, such as
operational shields, rmust be provided. Since personnel perform ng
such operations will be exposed to |arge quantities of stored

expl osives, the hazards are inherently greater than woul d be present
if the operation were perforned outside the nmagazi ne area, therefore,
pl ans and procedures for all such operations shall be carefully
scrutini zed.

d. The performance of mnor normal maintenance operations in
the magazi ne area per paragraph c above, nmay be approved by the
installation conmander. Such operations will be limted to hand
de-rusting and brush painting of bonbs and separate | oading
projectiles, opening and repairing boxes and nmetal containers of
ammuni ti on, repacking of amunition into serviceabl e boxes and
fi ber containers, spot painting projectiles, maintenance, and
other relatively safe operations of the sane general type. Any
operations requiring the renoval or replacenent of explosives
conmponents will require approval fromthe Commander, AMC, ATTN.
AMCSF before being perforned in the nagazine area.

e. The quantity of explosives or amunition at an operating
| ocation shall be the m nimum necessary to carry out the operation
This quantity shall be subdivided to the maxi num extent possible into
smal | er anpbunts, adequately separated to prevent propagation if
detonati on occurs. Personnel exposure shall be the mninum consi stent
with safe, efficient, and continuous operation. Eating in operating
bui | di ngs cont ai ni ng expl osives and toxic items will be prohibited
except where separate |unchroons have been provided for this purpose.

19-3. Requirenent for Shielding Disassenbly Operations. a. Adequate
operational shields shall be provided for operations such as

di sassenbly of foreign ammunition or other amunition of uncertain
desi gn and condition

b. The following and sinilar operations nmay not require
operational shields for the protection of operators if the assenbly
has been normal and the normal equipnent, tools, and nmethods used in
the assenbly are sufficient to acconplish the disassenbly wi thout the
application of undue force. Renoval of fuzes from hand grenades
provi ded- -

(1) A baffled tank of sufficient size is available to dispose
of fuzes that nmay accidentally function. Wen incendiary or snoke
grenade fuzes are handl ed, the tank should contain water

(2) Shielded trays are available to receive fuzes and not
nmore than 50 fuzes are permtted at each di sassenbly station
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(3) Genade is such that a fuze well liner is provided in
the design. (Note: \Wenever the grenade is not designed with a
fuze well liner, the fuze renoval nust be by renote control. In
addition, a mrror arrangenment will be provided to observe whether the

det onat or body has separated fromthe fuze head during disassenbly
operations. Wen separation occurs, the operational shield door will
not be opened before a 30-second waiting period has el apsed.)

c. FEach disassenbly operation shall be separated from
adj acent simlar or dissinml|ar operations by operational shields
designed to protect the operator at any operation fromthe bl ast
and nmissiles arising froma possible explosion at any other
adj acent operation. Itens awaiting disassenbly or resulting from
di sassenbly operations nmust be placed or shielded so that propagation
of an incident fromthe disassenbly station will not occur.

d. Wen the disassenbly of naterial not generally included
in the precedi ng paragraphs is contenpl ated, specific approval of
the proposed nethods and | ocati ons of the operations nmust be
obt ai ned by submitting a request through conmand channels to the
Conmander, AMC, ATTN: AMCSF, before starting the work.

e. The operator and all other personnel mnust be provided
conpl ete protection from di sassenbly operations involving
conditions that are known or expected to require use of undue
force.

f. Wen disassenbly is required to be performed with the
operator protected by an operational shield (disassenbly neans
conpl ete separation (threads or other connections) of conponent
parts), it is not permissible to | oosen the conponents with the
operator protected and then permit the operator to conplete the
di sassenbly wi t hout protection

g. Wen an operator is protected froman operation by an
operational shield, no other operator may be exposed to that
operation in such a way as to expose himher to a greater risk
than that presented to the operator for whomthe operationa
shi el d was intended.

19-4. (perational Shields for Disassenbly. a. Existing reinforced
concrete walls which were built to resist the effects of accidenta
expl osi ons and were designed and built per regul ations applicable at
the time of construction may be used as operational shields enploying
the foll ow ng guidance as a m ni num requiremnent.
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(1) A 12-inch reinforced concrete wall may provi de adequate
protection from di sassenbly operations involving an item containing 15
pounds TNT equi val ent or |ess of high explosives when the nearest part
of the itemis at least 3 feet fromthe wall and the itemis at |east
2 feet fromthe floor. Care nust be taken to use appropriate
equi val ence data for close in effects. Explosives characterized by
greater brisance than that of TNT may have very hi gh equival enci es at
smal | di stances fromthe expl osives. Wen equival ence data i s not
avail abl e, existing 12-inch reinforced concrete walls may be used for
operational shields for protection fromitens containing not nore than
6 pounds of hi gh expl osives.

(2) A 30-inch reinforced concrete wall may provi de adequate
protection fromthe effects of an item containing not nore than 50
pounds TNT equi val ent of hi gh expl osives. The sanme separation
di stance as stated in subparagraph (1) above applies. When
equi val ence data is not available, a 30-inch wall may be used for an
operational shield for protection fromitens containing not nore than
20 pounds of high expl osives.

(3) A 36-inch reinforced concrete wall may provi de adequate
protection fromthe effects of an itemcontaining not nore than 70
pounds TNT equi val ent of hi gh explosives. The sanme separation
di stance as stated in subparagraph (1) above applies. When
equi val ence data is not available, a 36-inch wall nay be used for an
operational shield for protection fromitens containing not nore than
28 pounds of high expl osives.

(4) Operational shields previously approved by the Commander,
AMC (AMCSF), may continue to be used for the specific operations
appr oved.

b. During disassenbly, amunition items other than those with
shaped charges should be placed with their |ongitudinal axes
perpendicular to the wall, at least 3 feet fromthe wall and 2 feet
fromthe floor. Greater distances should be used whenever possible
Cones of shaped charges should not be pointed toward protective
shields or walls. Personnel should not be closer than 2 feet fromthe
opposite side of the wall. D sassenbly equipnent that penetrates a
protective wall nust be so designed that personnel will not be injured
by novenent of the tool in event of a detonation

c. Laced reinforced concrete walls designed for personne
protection per TM 5-1300 need not be tested. The design of the
wal | shall be verified by individuals know edgeable with the
design principles in the T™M
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19-5. Soldering Containers. Containers to be soldered shall be
free from expl osives, explosives dust, and flammabl e vapors.

Thi s does not prohibit soldering covers to netal |iners containing
conpl etely closed ammunition. Exanples of such operations are covers
on netal liners for small arns ammunition and tear strips on netal can

cont ai ni ng fuzes.

19-6. Inert Scrap Conponents and Packaging Materials. a. Al scrap
components and packaging materials, other than fired small arns
cartridge cases, derived fromamunition and hazardous chem ca
renovation, preservation and packing (P & P), nodification and
demlitarization operations shall be inspected by the activity
perform ng the operation, opened to ensure that no hazardous chem cal s
or anmunition itens are present. Qualified responsible personne

shall certify such material to be inert and free of hazardous
chemical s and explosives prior to reuse or transfer to the Defense
Reutilization and Marketing Office (DRMD) or to an inert storage area.

b. For those items transferred to DRMO, the qualified responsible
personnel conducting the inspection of material shall subnit a
certificate of inertness as part of the turn-in docunment per the
provi sion of DOD 4160.21-M 1, Chapter |1, paragraph D2. Materials
generated from amunition or other hazardous itens, even though
properly inspected and certified inert, shall not be mngled with
other types of material, including scrap. The separation of inert
projectiles, dunmy ammunition rounds, and other inert amrunition itens
fromother types of material shall be maintained.

19-7. Denilitarization of Fuzes and Other Loaded Conponents.

Fuzes, priners, boosters, and other itens containing explosives
shoul d be di sassenbled into their separate conponents for destruction
to assure elimnation of the contam nation hazard and provi de ready
means of inspection after burning or detonation. Were the methods
used for demlitarization are such that the residue can be certified
as being free of explosives contam nation, disassenbly prior to
burni ng or detonation is not required.

19-8. Sand and Shot Blast Ceaning. a. Blast cleaning of solid
propel l ant rocket motors nmay be acconplished only with prior approval
fromthe Conmander, AMC, ATTN. AMCSF.

b. Blast cleaning of fragnentati on bonbs introduces certain
i nherent hazards because of the possibility of explosives being
present between the body and tube, as well as between the helix of the
body and ot her conponent parts. Before blast cleaning | oaded
fragnmentation bonbs, all explosives in cracks or crevices that nay
cause difficulty when exposed to the abrasive cl eaning nedium shall be
removed with a nonferrous wire brush or by other satisfactory nethods.
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c. Blast cleaning roons, cabinets, duct work, dust collection
chanmbers, and abrasive separation chanbers shall be maintained in a
manner and cl eaned at sufficiently frequent intervals to preclude the
accunul ati on of excessive dusts containing hazardous expl osive
resi due.

d. Al nmetal processing equi pnent used at the sand or shot
bl asti ng operations shall be electrically grounded and tested per
the requirenents of DA PAM 385- 64.

e. Al operators directly engaged in sand or shot blasting
operations shall be required to wear the necessary persona
protective equi prment.

f. Approved type automatic or sem automatic sand or shot blasting
equi pnent shoul d be installed where practicable. Renpote control of
equi pnent, from behind an adequate barrier, is preferred.

g. The quantity of |oaded itens being sand or shot bl asted
at one tine should be maintai ned at the m ni mum consistent with
safety and efficiency. The sand or shot bl asting equi prment |ocation
shal | be separated fromthe renai nder of the operations and personne
by an adequate barrier, dividing wall, or appropriate quantity-
distance in a manner to effectively limt the forces of an expl osion
during the process to the i medi ate area.

h. The use of steel wool is prohibited for cleaning purposes
where possi ble contact with exposed expl osives exists. Non-ferrous
wool may be used in these instances.

i. Operations involving the processing of related inert
components shoul d not be performed in close proximty to the sand
or shot blasting operation involving explosives-filled itens but
shoul d be acconplished at a | ocation where safety from an expl osi on
can be reasonably assured. Werever practicable, the independent
processing of inert conponents such as cleaning netal gromrets and the
Ii ke should be acconplished at not |ess than the appropriate intraline
quantity-di stance separation fromthe expl osive hazards.

19-9. Sand or Shot Blasting Operations within a Building in an
Operating Line. The followi ng safety neasures are required in
addition to the applicable precautions listed in paragraphs 19-9
above and DA PAM 385- 64, when sand and shot bl asting operations
are carried on within a building in an operating |line:

a. Unless otherw se approved by HQ AMC, ATTN. AMCSF, the actua
sand or shot blasting operation nust be separated fromall other
operations in the building by neans of walls or barriers that are

19-6



AMC- R 385-100

designed to protect all other personnel in the event of an unusua
incident occurring at this location. Openings in these walls or
barriers should be limted to the mninumsizes required to facilitate
the handling of itens to and fromthe operation. These openings
shoul d be arranged in a manner to effectively baffle fragnents and
prevent projection into adjoining roonms. Openings of the size to
allow entry and exit of MHE, such as fork lift trucks or tow notors
shall not be permitted within the protective walls or barriers unless
specially designed to provide resistance to potential explosions

equi valent to that provided by the wall. A door opening of

sufficient size for use of personnel only may be provided in the
protective wall, if required. If existing buildings where

protection is provided by 12-inch reinforced concrete dividing

walls, the walls must extend to the exterior walls of the building.

In no event will the height of the concrete wall be |ower than the
bottom chord of the roof truss. Any opening renmining between the top
of the concrete wall and the underside of the roof will be closed on
both faces with rigid fire-resistance naterial securely fastened to
the wall and the underside of the roof.

b. Equi pment for sand or shot blasting operations should be
of the type not requiring the presence of operators in the i mediate

vicinity of the machine for its control. It should be automatically
controll ed and provided with interlocking switches that will stop the
machine if any of its parts fail. Manually controlled STOP sw tches

al so shoul d be provided at proper intervals to permt pronpt stopping
of the equi pment in event of accident. Wen nanually operated
abrasi ve equi pnent is used, "dead man" controls shall be provided on
the bl ast nozzle.

19-10. Rotational Speeds for Equipnent Used in Ammunition Operations.
Requi renments are found in DA PAM 385-64, chapter 18.

19-11. deaning Ammunition. Power tools with nonferrous brushes may
be used on ammunition or anmunition conponents only when there are no
exposed expl osives or thin walled casings where brushing would create
heat or friction sufficient to initiate the iteminvolved.

19-12. Arny Equi pnent Data Sheets. The Arny Equi prent Data Sheets,
Ammuni tion Peculiar Equi pnment, TM 43-0001-47 should be used as a guide

in selecting equi pmrent for specific operations.
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CHAPTER 20
SAFETY I'N MUNI TI ONS LQOADI NG

20-1. Scope. This section outlines safety requirenents for certain
expl osi ves operations and is supplenentary to other pertinent
regul ati ons.

20-2. Screening and Bl ending Hi gh Explosives. a. Bulk high

expl osives, in granular or small flake form intended for processing
shal | be passed through a screen to renove extraneous material prior
to use. Dry explosives in large flake or lunp form need not be
screened but nust be visually inspected and passed over a magnetic
separator. Wt expl osives that cannot be screened shall be visually

i nspected. Screen openings may be circul ar, square, or rectangul ar

If circular or square, the size of the opening shall not exceed one-
fourth inch in dianmeter or on each side. |If rectangular, the screen
di nensi ons shoul d not exceed one-fourth inch by four-tenths inch
Screen sizes may be selected to classify the material according to
particle size if required for the work. Screening equi pnent shall be
constructed to prevent explosives form beconm ng subjected to pinching,
friction, and inmpact. Screen shall be electrically interconnected and
grounded. Screening of all high explosives should be suppl emented by

a permanent type nagnetic separator. |In general, hand-screening is
not recommended because of health, fire, and expl osion hazards to
personnel . Wen necessary, a maxi mum of one-half pound of expl osives

may be hand-screened provided precautions are taken to preclude
hazards to personnel other than the operator. The necessity for hand-
screeni ng a nmaxi mum of one-hal f pound of explosives is restricted to
one lot or one mx and is not a justification for dividing |arger
quantities into one-half pound increments. The availability of

one or more renote control facilities should preclude the necessity
for hand screening.

b. Operational shields, suitable for the quantity of expl osives
i nvol ved shoul d be provided to protect personnel from screening
(except hand-screeni ng per paragraph a above) and bl endi ng operations
i nvol ving bl ack powder, tetryl, pentolite, explosives of simlar
sensitivity and nmetal powders. \Wen suitable operations shields are
not provided as required, all personnel and controls for the operation
equi pnent shall be located at a m ninmum of intraline distance from
these screeni ng and bl endi ng operations. Wen personnel are required
to remain at renote control stations for periods |onger than needed to
start or stop the screening and bl endi ng equi pnent, suitable
protection against potential mssiles shall be provided. COperationa
shields and renpte controls are not required for the screening of TNT
Expl osi ves D and expl osives of simlar sensitivity.
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c. Exhaust ventilation nmust be provided for explosives screening
units if operational procedures and equi pnent design do not preclude
the devel opnent of concentration of explosives dusts in excess of the
threshold limt values (TB MED 265). Even when exhaust ventilation is
not required, screening rooms nust be thoroughly cleaned at the end of
each shift or nore frequently if necessary, to prevent hazardous
accunul ati ons of expl osives dusts. GCenerally, wet-type dust
coll ection systens are preferred.

d. The sane piece of screening equipnent shall not be used for
two or nore materials unless it is definitely established that a
m xture of the two will not present an increased hazard. Conplete
decont am nation of screens is difficult.

e. In tritonol loading, alumnumis usually fed into the
melt-mx kettles in the nelt-pour building. Wen adding al um num
there should be provided at the juncture of the drum and drunhead, a
screen having 0.25-inch openings as a naxi mum A second screen of
0. 50-i nch maxi mum shoul d be pl aced near the top of the chute |eading
to the nelt-mx kettles. A magnetic separator of pernmanent nmagnet
type should be installed at the chute to renove ferrous nmetal fromthe
al umi num To prevent dangerous dust dispersing, alum num powders
shoul d be introduced in a manner to permt imediate imersion in the
mel ted ingredients.

f. TNT used for feathering nust have first been screened in
the screening building. A second screen, of the dinmensions specified
bel ow, shall be installed between the tip of feathering chutes and
melt-mx kettles, that will prevent sliding or noving to create
friction with the sides of the chute. Slide valves shall not be used.

(1) For circular opening screens, the diameter of the opening
shal | not exceed three-eighths of an inch

(2) For square opening screens, the side dinensions of the
openi ng shall not exceed three-eighths of an inch

(3) For rectangul ar opening screens, the di nensions of the
openi ng shall not exceed five-sixteenths by seven-si xteenths of
an inch.

(4) Were difficulty is encountered in maintaining flow of

TNT t hrough screen openi ngs nmenti oned above, air-operated
vi brating devices may be installed on feathering chutes.
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20-3. Inspection of H gh Explosives. 1In addition to being screened,
bul k expl osives in granular or flake formshall be visually inspected
to detect extraneous material. Explosive material in the form of

| arge pellets or slabs need not be screened but it shall be visually

i nspected and passed over a nagnetic separator between box opening and
charging of the nelting equipnent to assure renoval of foreign

mat eri al

20-4. Explosives Melting. a. Tenperatures used for nelting
expl osi ves and keepi ng expl osives nolten shall not exceed 228 degrees
Fahrenheit (109 degrees Cel sius) which corresponds to 5 psi saturated
steam except in the follow ng cases:

(1) Saturated steam pressures up to 15 psi (250 degrees
Fahrenheit, 121 degrees Cel sius) may be used to nmelt Conposition
B and simlar binary expl osives and maintain themin a nolten state,
if required by the established process.

(2) Steam at pressures not in excess of 10 psi (240 degrees
Fahrenheit) may be used for TNT core nelting equi prent.

b. Water legs shall be installed in steamlines, where pressure
does not exceed 5 psi to prevent a build-up in pressure. Were steam
line pressures exceed 5 psi, a counterbal ance, sealed to prevent
tanmpering, or a rupture disc should be used in addition to installed
pressure relief valves if water legs are inpracticable. The overal
hei ght of the water |eg should be 2.3 feet for each pound of steam
pressure.

c. Steam heated fingers nmay be used in nelt-mx kettles handling
tritonol and Conposition B and are preferred for TNT handling to
prevent build-up of solidified explosives. Stationary steamfingers
must be fastened to the kettle frame in a positive manner (welding is
preferred) and cracks and crevices nust be elimnated. The fixed part
of the Iid should be jacketed for tritonol operations. Steam heated
spl ash guards should be installed where needed in to prevent build-up
of explosives. Steam heated "fingers" shall not be used in kettles
used for renelting risers or other forns of explosives which are of
such size that the explosives would be subjected to a crushing or
pi nching action between the stationary steam "fingers" and the
agitator of the kettle.

20-5. Screens for Mdlten H gh Explosives. a. At |least two screens
shal |l be interposed between the nelt unit grids and the nelt-m x
kettles for the handling of any expl osives. One of these should
extend the full width of the nelt unit reservoir and be of wire nesh
wi t h maxi mum openi ngs of by © inch. For TNT and sinilar explosives,
the second screen should be an effective conical screen over the
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opening into the nelt unit draw off pipe. The bucket type screen shal
be of a strong non-sparking material such as brass with holes 3/32
inch diameter on 1/8 inch centers, and shall be free fromburrs. The
| edge in the draw of f pi pe upon which the bucket screen rests shall be
sl oped to all ow drai nage of explosives. The screen shall be securely
fastened in place and shall not be renoved for cleaning while nelt

unit reservoirs contain nolten explosives. Screens shall be exam ned
frequently and replaced pronptly as needed. Spare screens shall be
available to all ow ready replacenent. Melt units shall not be
operated without the screens described.

b. A heavy wire screen or a netal grid nmust be installed at
the outlet of the melt-nmix kettle. A grid with openings one by three
inches is satisfactory. The grid nmust be wel ded or brazed in place or
so designed that it will not become dislodged during agitation or when
extraneous matter is renoved fromit. A steamjacket is not
recomended for the screen or grid frane in the case of tritono
because of the possibility of water |eakage. The nmelt-nmix kettles
shall not be operated wi thout the screen described and spare screens
or grids shall be kept handy for imedi ate repl acenent when necessary.
VWhen wooden or ot her non-sparking rods are used to dislodge |unps from
the grids, the force used shall be strictly linmted so that the
deformation of grids will not result. &Gids or screens shall not be
renoved frommelt-m x kettles for any reason until the bul k of the
expl osives material is first removed fromthe screens and equi prent.

20-6. Valves for Mdlten Explosives. a. Mlt unit valves should

be of the plug type nade form neoprene or equival ent; steamjacketed
Saunders, or Hills-MCanna rubber di aphragmtype val ves nay be used.
Pl ug val ves shoul d be designed to provide line contact, rather than
surface contact, with the valve seat. Springs shall not be used on
val ves. Sash cord or nonferrous chain should be used on val ve
controls to prevent application of undue force when closing the valve.
The I ength of travel of the plug should be limted to i nch

b. Valves used in nelt-nix kettle drawoff pipes and in all
other lines carrying slurry and/or nolten expl osives should be of
rubber di aphragm (Saunders, Hill-MCanna or equal) or rubber tube
(nut cracker) types. Teflon-type valves also are acceptable, except
with al um ni zed expl osives. The weir and conpressor spider in
di aphragm val ves shoul d be nmachi ned snooth or surfaces effecting
closure of the valve. To assure conplete closure while preventing
met al contact between the di aphragm stud and the weir, the valve stem
shoul d be adjusted so that the conmpressor spider is separated fromthe
weir by two-thirds the thickness of the diaphragmwhen the valve is in
the closed position. The weir side of the valve should be steam
jacketed. It is essential to assure that di aphragmtype val ves do not
have cracked di aphragns, permtting netal-to-nmetal contact. It is

20-4



AMC- R 385-100

recommended that val ves be procured or nodified to provide an open
bonnet, permitting visual inspection. Wep holes of a mninum one-
fourth inch diameter will be provided in closed bonnet designs, wth
the weep hole positioned to drain by gravity, giving evidence of

| eaki ng di aphragm

c. Modified open bonnet di aphragm val ves which permt inspection
of the di aphragm di aphragm seating arrangenent and threaded area of
the valve stemmay be used in nmelt-m x kettle drain-off pipes and in
other lines carrying slurry and/or nolten explosives with the
foll owi ng i nspection requirenents:

(1) Manual val ves opened or closed one or nore times per
shift - disassenble and inspect quarterly.

(2) Manual val ves opened or cl osed once per nonth -
di sassenbl e and i nspect sem annual |l y.

(3) Manual val ves opened or closed less frequently than
once per nonth - disassenble and i nspect annually.

(4) Automatic valves - disassenble and inspect quarterly.

d. Al nodified valves shall be usually inspected at |east
once a week. Al winkled, cracked, or nalfunctioning diaphragms
shal | be replaced i nmredi ately and such actions should be recorded
and fil ed.

20-7. Drawoff Pipes. a. The melt unit draw off pipe must be
steam or hot water jacketed. It should be attached to the nelt

unit reservoir in such a manner that no threads on the fastening
screw or bolts are exposed either outside or between the flanges.

A seal i ng conmpound shoul d be used to prevent TNT seepage or vapor
condensation on contracting surfaces of the bolts, flanges, screws,
and nuts. A copper-covered fiber gasket or equival ent high
tenmperature gasket should be used in joints of pipes carrying nolten
expl osi ves.

b. Melt-mx kettle draw of f pipes should be electrically
connected to bonbs or shells during draw of f operations. Each bonmb or
shel | shoul d be individually grounded unless tests show that groundi ng
through nutual contact surfaces is adequate in spite of intervening
pai nt filns.

20-8. Melt-M x Exhausting System a. A wet-type collector,
effective in renoving dust and vapors fromthe exhausted air, is
recommended. The explosives in the collector nust be naintai ned wet.
Tritonol accumul ati ons nmust be kept subnerged. The equi pment mnust
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function so that any flammuabl e gas generated is pronptly renmoved from
the equi prent and building. Water in the wet collector should not be
recircul ated unl ess the systemrenoves hazardous suspensions. |f

expl osives are retained in the water, it should be discharged to a
sunp constructed to maintain retai ned expl osives wet. Fan bl ades

wi t hi n exhaust ducts should be of nonferrous material and should be
adequately sprayed with water when in operation. A drain should be
provided in the fan scroll. Provision nmust be made for frequent

i nspection and cl eaning out of expl osives accunul ations in the exhaust
and col |l ecting equi pmrent. Were the propagation of a detonation
between nelt kettles is prevented by distance separation or protective
construction, each kettle shall be equipped with a conplete dust and
vapor collection systemso that no part of system services nore than
one kettle. \Where prevention of propagati on between kettles is not
furnished, nultiple nmelt kettles in a single building my be connected
to a single wet collector. However, nultiple exhaust ducts may not be
mani f ol ded to exhaust headers upstream fromthe collection chanber and
the deluge systemprotecting all the kettles must be connected so

that if one actuates water will flowinto all the kettles.

b. To reduce dust to a mininum the equi pment used for charging
solid material into a nelt-m x kettle should be constructed so that
the solids will be incorporated as they are added into the nolten
expl osi ves. Melt-m x kettle covers should be designed high enough to
m ninmize the amount of finely divided solid exhausted. This is
particularly inmportant when alum numis bei ng added.

20-9. Agitators. Mtor-driven, netal-mx kettle agitators should be
provided with overload relays having a rating not greater than 15 hp
Shear pins are not reconmended. The speed of agitators shall be
limted to prevent spilling explosives outside the kettle.

20-10. Pour and Probe Machines. All nultiple pour and probe nachines
shal | be equi pped with an effective vapor-venting systemarranged to
draw vapors away fromthe noving parts of the machines and to protect
heal th of personnel. Care should be taken to prevent the creation of
"cold air" areas adjacent to these nachines as a result of excessive
air intake to the venting system Sublined expl osives shall be
prevented fromcollecting on the nachines or overhead structures. The
qui ck-acting valves on nultiple pour machi nes shall be designed to
prevent appreciable inpact on nolten expl osives when the valves are

cl osi ng.

20-11. Hoppers. In locations where alumnum tritonol, or other
hazardous dusts may be on the floor or in the air, the | egs of skids,
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hoppers, and simlar equi pnent should be covered wi th nonsparking

mat eri al where they may contact the floor or other objects capabl e of
striking a spark fromthem The section of floor where ferrous netal
drunms of al um num powder are handl ed shoul d have a spark-resisting
surface.

20-12. lnert Sealing. Inert wax sealing or other inert operations
requiring nore personnel than the m ni num needed to conduct expl osives
mel t - pour operations efficiently, should be renpbved to a room or
cubi cl e not containing explosives where practicable.

20-13. Fornming Tools. Booster cavity forming tools should be

mai ntai ned in a polished condition and shall be handled carefully to
prevent marring of surfaces. For renoving formi ng tools, inplenents
whi ch exert thrust in the direction of the |ongitudinal axis of the

iteminvol ved are recomended rather than those affording a sideward
motion. The forming tool should be rotated on its own axis prior to
removal .

20-14. Pressing Explosives. a. Each pelleting operation involving
bl ack powder, tetryl, TNT, pyrotechnic m xtures, and other expl osives
of simlar sensitivity and operations invol ving pressing or
reconsol i dating of explosives in nediumand major caliber rounds shal
be conducted in a separate roomor cubicle having walls of sufficient
strength to withstand an expl osion of the total quantity of expl osives
at the operation. Operators must be protected by the roomor cubicle
wal | s during such operations.

b. Pressing or reconsolidating of explosives in small caliber
rounds, tracer bodies, tetryl lead-ins, detonators, and in simlar
itens shall be performed on machi nes having consolidated stations
designed to elimnate propagati on between stations and provide
adequat e operator protection. Operators must be behind protective
barriers when such operations are conduct ed.

c. Punches and dies nust be in matched sets which have been
i nspected and approved for use by the control |aboratory or the
unit. Sets of tools as approved for use nust be matched for
accept abl e di mensional and finish characteristics, but they need
not be the original tools conprising the set. Al punches and dies
used i n expl osives pressing operations nust be subjected to a rigid
test such as a magnaflux or X-ray prior to use and at regul ar
intervals after such tools have been used in pressing operations.

d. Repl acenent of punches and dies in a pelleting press nust
be by matched sets known to have ben checked and calibrated by the
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control laboratory. Replacenment of single conponents by the operating
staff to conplete a set of punches and dies is prohibited.

e. Tetryl, TNT, and RDX pelleting presses should be cleaned with
acetone or acetone danpened rags.

f. Black powder pelleting presses should be cleaned with water-
dampened r ags.

g. Tracer and incendiary pelleting presses should be cleaned with
a petroleum solvent sinilar to Stanisol, Varsol, or other equivalent.

h. Polishing pastes or other nedia containing grit or alkal
are prohibited.

i. Pelleting nmachines (Jones | oaders) should be provided with an
operational shield for the reject side of the receiving tray.

j. Explosive dusts shall be elininated between pressing or
consolidation stations where operators are protected by operationa
shi el ds at individual nmachine stations. This is to preclude
propagati on between nachi ne stations where the operators may be
exposed.

20-15. Concurrent COperations in Loading Plants. a. |If production
schedul es make necessary concurrent | oading of anmunition of different
i tem desi gnations, or the concurrent |oading of different components
in the sane |ine simltaneously, the grouping of work shall be so
arranged that nutual exposure of itens presenting dissimlar hazards
is avoided. The follow ng separation by groups is preferred, if
concurrent |loading is necessary so that exposure of items of one group
to itens of other groups is avoided:

(1) Rockets, |ong-range.

(2) Artillery primers and del ays.

(3) Detonators and rel ays.

(4) Fuzes.

(5) Boosters.

(6) Projectiles, separate |oading.

(7) Propelling charges, separate | oading.

(8) Conplete rounds and nortar ammunition
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(9) Bonbs.
(10) Spotting, saluting, and practice charges.
(11) Pyrotechnics.

(12) Chemical amunition and chem cal agents. Anmunition in
the different groups shown above. (Different groups should be
separated from each other and different chem cal agents nust be
separated from each ot her.)

(13) Snall arms ammunition
(14) Rockets, short-range, and rifle grenades.
(15) Hand grenades.

(16) Mnes. (Casses (08)1.2 and (12)1.2 m nes should be
separated fromC ass 1.1 nmines.)

(17) Selected ammunition

b. Wen nore than one explosive material is handled on a line or
within a building or room nutual contanination must be avoi ded.
Particul ar attention should be given to both portable and stationary
vacuum systenms in this respect. This also applies to explosives scrap
collection. Inadvertent m xing of explosive material can be hazardous
not only to loading plant facilities and personnel, but also to the
user if such material is |oaded into amunition

c. Wen an itemof amunition is designed to contain nore than
one expl osive material, the appropriate rul es regardi ng i nadvertent
contam nation will apply.

d. Wen two or nore explosives are used in aline or within a
building, and mixing is not intended, it is recomended that they be
pl aced at separate locations. It is also reconmended that where
differentiation of the explosives cannot be made readily by col or or
crystalline form the boxes be plainly marked to identify contents.

e. Sonme explosives operations are inherently nore hazardous
than others. The personnel exposure in |ocations where concurrent
operations nust be performed shoul d be controlled by installation of
dividing walls so that the nunber exposed is not greater than if a
single type of amunition were worked on
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f. Those operations requiring the presence of a relatively large
quantity of explosives material, and usually carried on with smal
personnel exposure, should not be performed on the same line with
operations requiring a |large nunber of people and perhaps a relatively
smal | amount of expl osives naterial.

g. Care should be exercised to properly segregate nateri al
in service magazines as well as in operating buil dings.

h. If concurrent |oading is done, undue congestion should be
avoi ded by rearrangenent of working areas.

i. Wen loading of a newitemof anmunition is contenpl ated,
on a given line or in a building, the current job should be conpleted
and the excess material renmoved pronptly so that the hazards of m xed
materials will be elim nated.

20-16. Evacuation of Buildings (See paragraph 16-13). a. Evacuation
pl ans shall be devel oped and coordi nated with storm prediction
systens. Wen an electrical stormis anticipated a first warning
shoul d be gi ven whereupon the quantity of explosives in process should
be reduced to a mininumuntil danger of the storm has passed.

b. If a nelt-pour building is equipped with an effective
lightning protection system nelt |oading may continue after the
second warning (indicating the stormis imminent) until all nolten
expl osives in the building can be run into the itemor receptacle
involved. All persons not required for these operations shall be
evacuated to a safe place. As soon as equipnent is drained, al
remai ni ng personnel shall be evacuated.

c. In operating lines or buildings where serious expl osive
incidents are possible, suitable means for warning personnel to
evacuate the building, line, or area should be installed. A visual or

audi bl e warni ng system or conbi nation of both is considered
satisfactory. The warning al arm system should be interl ocked or
connected to the deluge systemin a manner that actuation of the
del uge systemw |l also actuate the al arm system

20-17. Explosives Washout and Flaking Facilities. a. Explosives
washout operations are considered |ine operations and therefore are
subject to quantity distance separation. Were washout operations are
to be placed in operating buildings, they nust be placed in separate
bays or cubicles or be separated from other operations in the building
by suitabl e operational shields.

b. Ammunition itens subjected to washout operations nust be
certified as being free of explosives after washout. Wen exanination
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or tests reveal the presence of explosives contanination of anmunition
items after washout, they will be decontani nated by an approved net hod
prior to disposition. Decontam nation of ammunition itens by flashing
will be performed at the explosives destruction (burning) area or in
approved destruction incinerators.

20-18. Rebowling Operations. Rebow ing operations involving |Iead
azi de and primer nixes shall be performed by renmote control, with the
operator protected by operational shields.

20-19. Thread deaning. Projectile |oading techniques should

precl ude the deposition of explosives in threaded openings in the
projectiles. See DA PAM 385-64 for additional information on thread
cl eani ng.
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CHAPTER 21

COLLECTI ON AND DESTRUCTI ON EXPLGOSI VES,
AMMUNI TI ON, AND CHEM CAL AGENTS AND MUNI TI ONS

21-1. Conpliance with Environnental Laws and Regul ations.

Not wi t hst andi ng any ot her provision of this chapter, conpliance
with applicable Federal, State, and |ocal environnmental | aws,
regul ations, and pernmits is nandatory. Review of all SOPs for
expl osi ves and amuni tion operations by the installation or
supporting activity Environnental Coordinator is nmandatory.

21-2. Collection of Contaminated Industrial WAstes. |Industria
wast es whi ch may contai n expl osive materials and chem cal agents shal
be collected only in holding, storage, or disposal facilities
specifically designed and permitted (i.e., having environnenta
operating permts) for that purpose. Disposal into sanitary sewers,
septic tanks, sanitary filter tanks and unlined sunps, settling
basins, or leaching pits is prohibited except as specifically

aut horized by permit. Sunps should be desensitized and cl eaned at
regular intervals. Cracks and crevices may contain expl osives

resi due. Such residue nust not be subjected to inpact or friction
from such sources as high pressure water streans, scraping tools or
devices, etc., which may initiate the sensitive expl osives.
Quantities of initiating explosives in excess of 28 grams shall be
destroyed by burning or detonation (see para 21-14). Explosive
materials to be renmoved froma settling basin should be nmaintained wet
until renmoved. The nore sensitive expl osives should be maintained wet
until destroyed. Materials containing powdered netals should be kept
under water to prevent any dangerous rise in tenperature which m ght
ot herwi se be developed in the reaction between the netals and a

smal |l quantity of water. Requirements applicable to destruction

of chem cal agents and nunitions are contained in DA PAM 385-61

and chapter 10 of this regul ation.

21-3. Deposition fromWaste Liquids. Wen sunps or basins are
properly designed, the wash water which passes beyond filters and

basi ns should be free fromsignificant amunts of explosive materials.
If the effluent is discharged into a public stream river, etc., it
must not contain nore explosives than pernitted by Federal, State, and
| ocal state regulations. Consideration should be given to the
possibility of deposition of explosive materials on the banks of
streans or marshes during periods of drought, as well as to any
possi bl e subsequent precipitation of explosives with change of
tenperature, acidity or concentration of the waste water. \Where
uncertainty exists regarding the conposition of waste waters,
conmpetent technical advice and assi stance shoul d be obt ai ned.
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21-4. Handling Water-Soluble Materials. Were anmoni um picrate
(Expl osive D), black powder or other materials which are appreciably
soluble in water are handl ed, the anpunt of dissolved material should
be kept as |low as practicable. Floors should be swept before washing
down to reduce the quantity of dissolved material in the wash water

21-5. Destruction of Collected Solid Wastes. Contaninated solid
waste material should be taken in closed containers, as soon as
practicable, to buildings set apart for its treatnent or to the
burning ground to be destroyed in an appropriate manner. Coll ected
expl osi ve and chenical wastes nust not be disposed of by being buried,
or thrown in any streans or tidewater unless they are deconposed by
wat er. Di sposal of deconposed wastes in streanms or tidewater will be
allowed only if permtted by Federal, State, and local |aws and
regul ati ons.

21-6. Requirenents for Destruction of Explosives Miaterials. a.
General . Expl osives and ammunition which are dangerously deteriorated
or cannot be definitely identified shall be destroyed by an approved
met hod. Burying expl osives or amunition or dunping theminto waste
pl aces, pits, wells, marshes, shallow streans or inland waterways is
prohi bited. Destruction shall not be undertaken w thout prior

approval of the installation's major subordinate comrand
(headquarters) safety office chief unless the | ocal conmander decides
that inmedi ate destruction of deteriorated explosives or anmunition is
necessary for the protection of life and property. Wen destruction
is authorized, the provisions of all current Army directives

involving | ost, destroyed, damaged, or unserviceable property

must be observed. Prior approval for destruction of routine

waste i s not required.

b. Chemi cal destruction of explosives. The chemical destruction
of | oose expl osives or anmmunition except as provided bel ow shall not
be permtted unless approval is given by the Commander, AMC. Chemn ca
met hods nust be supervi sed by qualified personnel having know edge of
chemi stry. Chemical nmethods shall not be used in an attenpt to
destroy expl osives which are encl osed or pressed into conponents such
as detonators. Explosives generated as waste by production processes
in quantities of less than 1 pound may be chemically destroyed
provi ded adequate facilities and procedures exist for safe
destruction. The follow ng procedures may be used under adequate
supervision for 28 grans or |ess of the explosives naned.

(1) Mercury fulmnate. Place a quantity of aqueous sodi um
thiosulfate (hypo) solution (20 percent by weight of sodi um
thiosulfate) equal to 10 tinmes the weight of mercury fulmnate to
be destroyed in a wood or earthenware container. Wile agitating
the hypo solution, add water-wet nmercury fulmnate. The m xture
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shal |l be agitated by air or mechani cal means but not by hand.
Agitation rmust be continued until all fulmnate has been dissol ved,
usually within 2 hours. Operators shall keep to the w ndward of the
contai ner or wear appropriate respiratory protection to avoid inhaling
any cyanogen gas evol ved.

(2) Ntroglycerin. Small quantities of nitroglycerin may
be neutralized or destroyed with a m xture of the follow ng sol utions:

Solution A.  Sodium sul fide (pulverized) -- 9 parts by
wei ght and water -- 30 parts by weight.

Solution B. Denatured ethyl alcohol -- 70 parts by weight
and acetone-- 20 parts by weight. Do not conbine the two sol utions
until inmediately before use since potency of the m xed sol utions
di m ni shes on storage. This mxture should be only for very snal
quantities of nitroglycerin (e.g., the oily filmthat adheres to
surfaces after the nitroglycerin has been renoved wi th sponges or
absorbed in wood pul p or sawdust). Operators using this solution
shoul d wear rubber gl oves.

(3) Black powder. Black powder may be conpletely destroyed by
| eaching or washing with |arge quantities of water and disposing of
t he washings separately fromthe residue.

(4) Lead azide.

(a) Lead azide accunul ated on surfaces should be taken up
with water wet cloths. The cloths should then be washed out in one of
the sol utions named bel ow after which the conpl ete desensitizing
treatnent is carried out in the solution. The cloths should be
thoroughly washed with water before reuse. Enpty shipping bags while
still water-wet should be turned inside out and treated. Approved
chemi cal nethods for destroying | ead azide include those described
bel ow.

(b) Sodiumnitrate-acetic acid method. For destruction of a
quantity of 1 ounce of |ead azide, the ounce of |ead azide should be
pl aced in one-half gallon of a 10 percent solution of ammopni um acetate
to which is added a solution of 2° ounces of sodiumnitrate in 1 pint
of water. The mixture is stirred and while stirring, 7 ounces of
glacial acetic acid or its equival ent of weaker acid is added. The
entire solution should be allowed to stand in a warm place for 1 hour
nmor e before di sposal

(c) Another method is to use sodiumnitrate and nitric

acid. The |lead azide should be destroyed in small quantities at
a tine by successive treatnment with a 25 percent solution of sodium
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nitrite and a 36 percent solution of nitric acid. Place water, then

| ead azide to be destroyed in a ceramic crock or other suitable

contai ner of anple size (at |east 500 cc of pure water per gram of
azide). Add sodiumnitrate solution and agitate carefully but
thoroughly; and add the nitric acid solution slowmy with continua
agitation. Heat is generated during the deconposition so al

addi tions nust be nade slowly. Deconposition is rapid and conplete if
sufficient quantities of the killing solution are enployed. The
resultant solution is clear. Ferric chloride solution is used to test
for inconplete deconposition of the azide. A red color appears if
azide is still present. Toxic funmes may be evol ved during the killing
reaction.

(d) The third nethod is to dissolve |lead azide in 10
percent ammoni um acetate solution, fromwhich the lead is
precipitated with 10 percent aqueous potassium bichromate. This
is followed by a thorough washing with water. However, this
procedure may | eave a sludge containing sensitive explosive
mat eri al and appropriate precautions rmust be taken. Al wash
cloths or brushes used to apply amoni um acetate sol uti on shoul d
be treated with a sodi um bi chromate sol ution

(e) A fourth nmethod (preferred) is to use a 20-25
percent aqueous solution of ceric amoniumnitrate for the
chemical destruction of |ead azide. Wen small quantities of
| ead azide are destroyed in this manner the reaction is not
violent. Since one of the products of the reaction is a gas, the
endi ng of the gas evolution indicates conpletion of destruction
This nmethod offers the foll ow ng advant ages over precedi ng ones:

1. Safer to use because the chemical reaction is |ess
vi ol ent than those involving acid.

2. Residue forned is nore readily disposed of than |ead
chromat e.

3. Evolved gas acts as indicator to assure conpletion of
the reaction.

21-7. Decontanmination and Dismantling Expl osives Establishnents.
A permanent report of the type and quantities of anmunition and
expl osives handled in a facility shall be naintained for use when
decont am nati on, disposal, or layaway is undertaken. The
decont am nati on and di smantling procedures to be followed for
expl osi ves establishments upon cessation of activity or upon
conversion to other uses shall be outlined in detail. (Ref: TB
700-4.)
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21-8. Destruction Sites. a. Wen trials required by paragraph

b bel ow prove that fragnents and debris are linted to | esser ranges
the appropriate inhabited building distances may be used. Sites nust
al so be located in relation to the direction of prevailing wnds, so
that sparks will not be blown toward expl osives |ocation. Were
possi bl e, natural barricades shall be used between the site and
operating buildings or magazi nes. Wen destroyi ng expl osives by
burning, the possibility that the mass may detonate must be recogni zed
and appropriate protective barriers or distance separation should be
used for the protection of personnel and property. Qpen air burning
and detonation of nmunitions, explosives, and pyrotechnics for purposes
of demilitarization between sunset and dawn i s prohibited.

b. In all disposal and destruction activities, the nunber of
units or quantity of explosives that may be destroyed safely at one
time shall be determined carefully by starting with a limted nunber
of quantity and then gradually increasing that quantity until the
opti mum ampunt consistent with safe and efficient operations is
det er mi ned.

c. Dry grass, leaves, and other extraneous conbustible materia
in anounts sufficient to spread fire shall be renmoved within a radi us
of 200 feet fromthe point of destruction. The grounds should be of
wel | packed earth and shall be free fromlarge stones and deep cracks
in which expl osives might |odge. Explosive materials shall not be
burned or detonated on concrete mats.

d. Fire-fighting facilities shall be readily available to
extingui sh brush or grass fires and, if necessary, to wet down the
ground between burnings and at the close of each day's operation

e. Odinary conbustible rubbish shall be destroyed at a | ocation
renoved from pl aces where expl osives and expl osi ves cont ani nat ed
material are destroyed. Were linted space does not pernmt separate
burning areas, a part of the explosives destruction ground nay be
reserved for burning rubbish provided the two areas are not operated
si nul t aneously, and the area where rubbi sh has been burned is wetted
down and inspected before expl osives burning is resumed. Conbustible
mat eri al shoul d be burned in an incinerator conplying with Nationa
Fire Protection Association Standard No. 82 or in a substantial wre-
mesh encl osure (not over inch openings).

f. The denolition area or burning ground shall be serviced

with tel ephones or two-way radi o comruni cati on. A change house
serviced with electricity is desirable.
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21-9. Explosives Material Awaiting Destruction. Explosives materia
awai ting destruction shall be stored at not less than intraline

di stance, based on the largest quantity involved, fromthe explosives
bei ng destroyed. The material shall be protected agai nst acci denta
ignition or explosion fromfragnments, grass fires, burning enbers, or
detonating inpulse originating in the materials being destroyed.

21-10. Personnel Protection. a. Adequate protect for personne

shall be provided in the formof operational shields with

overhead and frontal protection as a mninmum \Were circunstances
warrant their use, conplete personnel protection shall be provided.
Such structures should preferably be located at the appropriate

i nhabi ted buil ding distance for the quantity and type of materials
bei ng detonated but in no case will this distance be |ess than 300
feet. Enployees must use such protection when explosive materials are
destroyed by detonati on or when explosive materials which nay detonate
are being burned. Wen class 1.3 material is being destroyed by

burni ng, personnel must remain at the greatest practicable distance
fromthe burning site but in no case shall personnel be permitted
closer than the applicable public traffic route distances.

b. During disposal and destruction operations, the nunber of
people in the area exposed to the hazard nust be kept to a m ni mum
Warni ng signs or road bl ocks shall be posted to restrict the area and
to ensure proper segregation of activities. The nunmber of personne
engaged in the disposal and destruction operations shall be no fewer
than two and operations shall be arranged so that not all of the
personnel are exposed to an incident. Personnel engaged in burning
expl osi ves shoul d be provided with flanme resistant type clothing.

21-11. Supervision and Training. a. The disposal area and its
operations shall be under the direct control and supervision of an
experienced and trained individual charged w th supervisory
responsibility for the activities within the area. He shall be
present during all burning and denolition ground operations. He

shal |l al so be charged personally with the sole custody of all ignition
devices. Prior to actual burning or detonation of explosives, al
personnel including the demolition ground supervisor will be evacuated

to a safe distance or protective structure affordi ng adequate
protection but consistent with the need to nonitor the total operation
until it is conplete.

b. Personnel enployed at the destruction area shall be thoroughly
trained regarding the nature of the materials handl ed, the hazards
i nvol ved, and the precautions necessary. The danger of using
unapproved inprovi sed nethods and ot her devi ati ons nust be thoroughly
instilled in the mnds of the enployees. It is essential that
t horough training and vigilant supervision be provided. All burning
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and denolition grounds operations nust be carried out in strict
conformance w th approved SOPs.

c. 1In the absence of specific regulations covering any phase
of the destruction of explosives material, conplete information
will be forwarded through command channels to the Comrander, AMC
ATTN:  AMCSF, requesting instructions and gui dance.

21-12. Containers for Waste Expl osives. Explosives destined for
the burning ground shall be in original closed packages or in
containers of fire-retardant materials which will not contribute

to the existing hazard by readily producing sparks when contacting
rocks, steel, or other containers. Bags or containers nmade from
easily ignited material shall not be used. Containers shall have
closures that will prevent spilling or |eakage of contents when
handl ed or if overturned. Cosures shall be of a type that will not
pi nch or rub explosives during closing and opening. The closures and
surfaces of containers openings shall be thoroughly cl eaned of

expl osive contanmination to mininize the hazard during closing or
openi ng.

21-13. Servicing of Destruction Site. a. Trucks transporting
expl osive material to burning or denolition grounds shall neet the
requirenents of chapter 17. No nore than two persons shall ride in
t he cab.

b. Upon arriving at a burning or denolition ground, vehicle(s)
may distribute the expl osives containers or explosives itens to be
destroyed at the sites where actual destruction is to take place. As
soon as all explosives itens have been renmpoved fromthe vehicle(s),
the vehicle(s) shall be withdrawn fromthe burning or denolition area
to a safe location until destruction is conpleted. Containers of
expl osi ves shall not be opened until the vehicle(s) have been
wi t hdr awn.

c. Containers of explosives or ammunition itens to be
destroyed at the destruction site shall be spotted and opened at
| east 10 feet fromeach other and from expl osives material previously
laid for destruction to prevent rapid transm ssion of fire in event of
premature ignition. Containers of propellant awaiting destruction
will be spotted and opened a safe distance fromthe burning pans
(beds) and limted in quantity to no nore than the rated capacity of
the pan or bed.

d. Enpty containers shall be closed and noved a sufficient
di stance away to prevent charring or damage during burning of the
expl osives. Enpty containers nmay be picked up by truck on the
return trip after delivery of the next quantity to be destroyed.
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e. Wen materials being processed at destruction sites are to be
handl ed by gasoline or diesel-powered forklift truck, the requirenents

of paragraph 18-2 will be observed. Al such material handled will be
properly packaged and nust not be contami nated with explosives. Al
power ed equi prent used at destruction sites will be withdrawn to a

safe location prior to opening containers of explosives.

21-14. General Burning Requirenments. a. Burning trays shall be
used for all open burning of ammunition, explosives, and PEP
cont am nat ed waste operations except in enmergency situations approved
by the installati on commander.

b. Except in specific cases, such as Expl osive D | oaded
projectiles, ammunition and expl osives shall not be burned in
cont ai ners.

c. Bulk initiating explosives and other used predoninantly in
det onat ors and phot of | ash conpositions shall be destroyed by
detonati on except that small quantities (not exceeding 28 grans)
may be deconposed chemically.

d. Wen burning trays are used, the follow ng nust be conplied
wit h:

(1) Wen burning | oose explosives other than initiating
expl osi ves, depth of explosives in tray will be 3 inches or |ess.

(2) Burning tray ignition train will be arranged and lit so
both it and the explosives burn in the direction fromwhich the w nd
i s bl ow ng.

(3) Installations rmust establish witten procedures to prevent
auto-ignition of materials to be burned from heat or residue renaining
in pans/trays or on pads.

(4) Burning tray (bed) limits, and separation distance
requi renents shall be established on the basis of hazard anal ysis
and confirmed by test for each explosives material to be destroyed.
In the absence of analysis and test, trays (beds) nmust be parallel to
each other and separated by 150 feet, and limted to 1,000 pounds NEW

(5) Wen burning wet explosives, the tray should be lined with
nonexpl osi ve conbustible material upon which the expl osives are pl aced
to ensure conplete burning of the explosive material. It is usually
necessary to burn Cyclonite (RDX) wet to prevent detonation

(6) Burning trays should be designed wi thout cracks or angul ar
corners to help prevent build-up of residue.
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(7) Open burning/detonation shall conply with applicable
Federal, State, and local air pollution regulations and permts
(see AR 200-1).

e. Pyrotechnic materials collected may be burned, except as
not ed bel ow, by enptying the containers or buckets containing the
oil and pyrotechnic nmixture into a shallow nmetal pan and igniting
as descri bed above. The opened containers nmay be burned with the
expl osi ves.

f. Sonme types of explosives and tracer or igniter conposition
give of f toxic funes when being destroyed by burning. Proper
respiratory protective equi pnent shall be worn where such funes are
likely to be encountered.

21-15. Materials for Detonating Ammunition. a. Detonation of
expl osi ves or ammunition should, where practicable, be initiated

by electric blasting caps using blasting nachines or permanently
installed electric circuits energized by storage batteries or
conventional power line. |Inprovised nethods for exploding electric
bl asti ng caps shall not be used. Wen itens to be detonated are
covered with earth, as specified in paragraph 21-16, blasting caps
shal | not be buried beneath the ground level with the initiating
charge. The initiating explosives should be prined with detonating
cord of sufficient length to reach up through the covering to a point
where the blasting cap may be connected above the ground |level. The
advant ages and di sadvant ages of double prim ng shoul d be consi dered
during hazard anal ysis and SOP devel opnent.

b. Special requirenments for using electric blasting caps and
electric blasting circuits.

(1) Electric blasting caps, other electric initiators, electric
blasting circuits, and the |like may be energi zed to dangerous | evels
of extraneous electricity of types and sources such as: static
electricity, galvanic action, induced electric currents, high tension
wi res, and radio frequency energy fromradio, radar, and television
transmitters. Safety precautions shall be taken to reduce the
probability of a premature initiation of electric blasting caps and
expl osi ves charges of which they forma part.

(2) The shunt shall not be renpved fromthe | ead wires of
the blasting cap until the nmonent of connecting themto the
blasting circuit, except during electrical continuity testing of
the blasting cap and | ead wires. The individual who renoved the
shunt shoul d ground his/her self by grasping the firing wire
prior to perfornming the operation in order to prevent accumul at ed
static electricity fromfiring the blasting cap. Note: After
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el ectrical continuity testing of the blasting cap the lead wires
must be short-circuited by twisting the bare ends of the wres
together immediately after testing. The wires shall remain short
circuited until the tine to connect themto the blasting circuit.
The Bl aster's Gal vanoneter or Blaster's Miltineter may be used
for continuity testing of blasting caps and | ead wires.

(3) Wen uncoiling the lead wires of blasting caps, the
expl osi ves end of the cap should not be held directly in the
hand. The | ead wires should be straightened out as far as necessary
by hand and shall not be thrown, waved through the air, or snapped as
a whip to unloosen the wire coils. Avoid loops by running |lead wires
parall el to each other and close together. |If |oops are unavoi dabl e,
keep themsmall. Keep wires on the ground in blasting |ayouts.

(4) Firing wires shall be twisted pairs. Blasting circuit
firing wires shall at all tinmes be twi sted together and connected
to ground at the power source and the ends of the circuit wires
where blasting cap wires are connected except when actually
firing the charge or testing circuit continuity. The connection
bet ween bl asting caps and the circuit firing wires nust not be
made unl ess the power end of the circuit lead (firing wires) are
shorted and grounded. The followi ng nethods should be foll owed
when connecting electric type blasting cap lead wires to the
firing circuit wires

(a) Check wires |leading to the blasting nmachine for
continuity and stray currents.

(b) Test electric blasting cap wires for electrica
continuity, and after the test, connect to wires leading to the
bl asti ng machi nes.

(c) Evacuate all but two personnel fromthe area. Place
cap into charge to be detonated. After cap(s) are placed into
the charge the two personnel will evacuate to the personne
shel ter.

(d) Un-short firing lead wire circuit and check for
continuity.

(e) Connect firing lead wire to blasting nmachine and
fire charges

(f) After firing renove |ead wires from bl asti ng machi ne
and twi st the end to short them

21-10



AMC- R 385-100

(5) Electric blasting or denolition operations and unshi el ded
electric blasting caps should be separated fromradi o frequency energy
transmitters by the mninum di stances specified for el ectroexpl osive
devices in Chapter 6 of DA PAM 385-64. These di stances apply to al
parts of the operation, including the |lead wires of the cap and the
firing wires circuit. Before connecting electric blasting caps to the
firing wires, the blasting circuit nmust be tested for the presence of
extraneous electricity by the follow ng test:

(a) Arrange a dummy test circuit, essentially the sane
as the actual blasting circuit except that a No. 47 radio pilot |anp
(or equival ent device) of known good quality inserted in place of the
bl asting cap shall be used without applying electric current to the
circuit. Any glowis evidence of the presence of possible dangerous
anounts of RF energy, and blasting operations in such areas nust be
performed with nonelectric blasting caps and safety fuse.

(b) The Blaster's Miultinmeter may be substituted for the
No. 47 radio pilot |lanmp when testing for extraneous electricity,
but will not detect RF energy. Distances prescribed for electro-
expl osi ve devices in chapter 6 of DA PAM 385-64 be used as a guide in
the selection of sites for electric blasting operation in the vicinity
of RF energy transmtters.

(6) Blasting or denolition operations shall not be conducted
during an electrical stormor when a stormis approaching. All
operations shall be suspended, cap wires and | ead wires shall be
short-circuited and all personnel nmust be renmoved fromthe denolition
area to a safe |location (I1HBD) when an el ectrical storm approaches.

(7) Prior to nmaking connections to the blasting machi ne,
the firing circuit shall be tested with a gal vanoneter or Blaster's
Multinmeter for electrical continuity. The individual assigned to make
the connections shall not conplete the circuit at the blasting nmachine
or at the panel, nor shall he give the signal for detonation until he
is satisfied that all persons in the vicinity are in a safe place.
When used, the blasting machine or its actuating device shall be in
this individual's possession at all times. Wen the individual uses a
panel, the switch nmust be | ocked in the open position until ready to
fire and the single key or plug nmust be in his possession

(8) Electric blasting caps nust be in closed netal boxes when
bei ng transported by vehicl es equi pped with two-way radi os and al so
when in area where extraneous electricity is known to be present or is
suspected of being present.

c. Although electrical blasting caps are the preferred nethod of

initiation, safety fuses nmay be used in the detonation of explosives
and amuniti on when enhanced safety and efficiency will result.
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Safety fuse, when used, must be tested for burning rate at the

begi nni ng of each day's operation and whenever a new coil is used.
Sufficient length of fuse shall be used to allow personnel to retire
to a safe distance, but under no circunstances will the length be |ess
than 3 feet or have less than a 120 second burning tine. Crinping of
the fuse to blasting caps must be acconplished with approved crinpers.
Safety fuse which is too large in dianmeter to enter the blasting cap
wi t hout forcing shall not be used. Before igniting the safety fuse,
al | personnel, except the supervisor and one assistant, shall retire
to the personnel shelter or be evacuated fromthe denolition

ar ea.

d. Wen using blasting caps involving the electric or nonelectric
system of destruction, the explosives end of the blasting cap shal
al ways be pointed away fromthe body.

21-16. Detonation of Anmmunition. a. Amunition or explosives to be
destroyed by detonation should be detonated in a pit not |less than 4
feet deep and covered with not less than 2 feet of earth. The
components shoul d be placed on their sides or in the position to
expose the largest area to the influence of the initiating explosives
with an adequat e nunber of denolition blocks placed in intinate
contact on top of the itemto be detonated and held in place by earth
packed over the denmpolition blocks. Were space permts, and the
demolition area is renotely | ocated frominhabited buil dings,
boundari es, work areas, and storage areas, detonation of shells and
expl osi ves may be acconplished without the aid of a pit. In either
event, however, the total quantity to be destroyed at one tine,
dependent on | ocal conditions, should be established by trial nethods
to assure that adjacent and nearby structures and personnel are safe
fromthe blast effect or nmissiles resulting fromthe explosion

This procedure should be used for the destruction of fragnentation
grenades, HE projectiles, mnes, photoflash munitions, nortar shells,
bonbs, and HE rocket heads whi ch have been separated from notors.
Rocket nmotors containing solid propellants should not be destroyed by
detonation (para 21-25).

b. After each detonation a search shall be made of the
surroundi ng area for unexploded material and itens. |Itens or
mat eri al such as |unps of explosives or unfuzed anmuniti on nay be
pi cked up and prepared for the next detonation. Fuzed amunition
or itens which may have internally danaged conponents shoul d be
detonated in place unless the itemcan be safely handl ed by using
mechani cal retrievers providing protection to personnel

c. 1In case of msfires, personnel shall not return to the
poi nt of detonation for at |least 30 mnutes after which not nore
than two qualified personnel shall be pernmitted to examnine the
m sfire.
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d. AR 95-2 outlines the organization and functions of Regiona
Ai rspace Subcommittees and establishes uniform procedures for the
handl i ng of airspace problems. AMC installations will request,
t hrough channel s, airspace clearance for denplition ground activities
per these regul ations.

21-17. Dynamite. Unopened boxes of exuding dynanmite to be destroyed
shoul d be burned on a bed of conmbustible material w thout being
opened. Precautions nmust be taken to protect personnel and property

from possi bl e detonation. Individual cartridges may be burned in a
single | ayer not greater in width than the I ength of one cartridge, on
a bed of combustible material. Dynanmite awaiting destruction shall be

shielded fromthe sun. Frozen dynanite is nore likely to detonate
during burning than normal cartridges. Destruction of dynamte by
detonati on may be acconplished where the |l ocation will permt

this nmethod of destruction. Care in prining to assure conplete
detonation of the quantity nust be taken

21-18. lnitiating Explosives. Wen relatively large quantities

of initiating explosives such as | ead azide or mercury fulmnate

are to be destroyed, detonation is the best nmethod. The bags
containing the explosives should be kept wet while being transported
to the denolition area. A predeterm ned nunber of bags shoul d be
removed fromthe containers, carried to the destruction pit, placed in
intimate contact with each other, and blasting caps used to initiate
the expl osives. The remaining expl osives shall be kept behind a
barricade with overhead protection during the destruction operations
and | ocated at a distance that will assure safety.

21-19. RDX and PETN. RDX and PETN may be burned as described in
par agr aph 21-14.

21-20. Propelling Charges. Propelling charges with igniters may
be burned without slitting but in all cases igniter protector
caps shall be renobved fromthe charges to be burned. Protection
must al so be provi ded agai nst possible projection of the charges
and expl osion. Propelling charges nust not be piled one on the
other but shall be burned in a single |ayer of charges laid side
by side. Core igniter type charges in the single |layer should be
separated one fromthe other by a distance equal to one caliber

21-21. Black Powder. Black powder is best disposed of by

di ssolving out the potassiumnitrate in a closed system and

di sposing of the solid wastes separately. It may al so be burned
as previously described. Wt black powder on drying out may
retain sone of its explosive properties since the nitrate may not
have been renoved conpl etely.
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21-22. Parachute Flares. Parachute flares with pressed charges such
as the M26 type may be burned. |Individual flares should be 4 feet
apart and be placed upon a | ayer of conmbustible material. Wen
burning flares and simlar materials occasional explosions nay occur
therefore, adequate protection from such hazards rmust be provided.

21-23. Small Arms Ammunition and Itens with M xed Hazards.

Smal | arms ammunition and itens having two or nore expl osive hazards,
such as spotting charges MLAL, where the black powder charge may be
destroyed in burning pits, but the initiating device (prined
cartridge) may be intact after being projected fromthe burning area,
shal | be destroyed in such a manner that projected units will be
restricted in flight and returned autonatically (gravity) to the
burning pit to elimnate the hazard of manually retrieving unexpl oded
itens.

21-24. Burning out Loaded HE Projectiles. a. TNT, Explosive D
Conposition B, pentolite, and other explosives filler in open
projectiles may be burned out when destruction by detonation or
washi ng out and burning the explosive filler separately is

i npracticable. The area selected for the operation should be
based on the sane principles as outlined in paragraph 21-8.

b. Projectiles to be burned out should be placed on their
sides and arranged in groups of not nore than six projectiles,
with all open ends facing in one direction. Opened ends of
projectiles should not be pointed into the wind. Each group of
six projectiles should be separated from adj acent groups by not
| ess than 12 inches in order to reduce the possibility of mass
detonation in the event of incident in any one group. Were it
has been determined, by trial, that adequate safety is provided
froma detonation of an established quantity of explosives in
projectiles, this established quantity may be used as the criterion of
consol i dati on when burning out items. Cass 1.3 solid propellant
(snokel ess powder) may be used for ignition of the projectile filler.

c. Conbustible material such as excelsior or scrap |unber
shoul d be used to ignite the explosive filler. Ql-soaked waste
may al so be used; however, it shall not be placed in the interior
of the fuze cavities. Use of oil-soaked waste which nay be
contam nated with pol ychl orinated bi phenyls (PCB) or wood treated
wi t h pentachl orophenol (PCP) is prohibited, unless specifically
aut hori zed by the Commander, AMC, ATTN. AMCSF

d. Personnel shall not be permitted to return to the scene

of the operation until a conpetent observer has determ ned that
al | expl osi ves have been burned.
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e. Burned out projectiles shall be reprocessed to assure that
expl osi ves residue does not remain. The projectile shall be
thoroughly inspected to assure that all expl osives have been destroyed
prior to releasing the conponents for salvage (para 25-6).

21-25. Destruction of Rockets and Solid Propellant Mtors. a.
Infantry and aircraft type HE and practice rockets shall be
destroyed as foll ows:

(1) Wierever practicable, separate the rocket notor from
the HE head and di spose of the head as specified for HE artillery
amunition. |f separation of the notor and head is inpracticable,
short range rockets may be destroyed in pits in the manner prescribed
by paragraph 21-23. Sufficient charge nmust be used to assure
destruction, in place, of the notor and head.

(2) Renobve the nozzle plate fromthe rocket notor and take
out the igniter and solid propellant charge. The igniter and
solid propellant charge shall then be destroyed or sal vaged per
precedi ng instructions.

(3) In certain rocket nmotors the propellant cannot be
removed fromthe motor. In this case, the nozzle shall be
removed and the motors placed in a vertical position, firmy
held, with the open end up, and the propellant burned. Rocket
motors greater than 6 inches in dianeter shall be disposed of
according to paragraph c bel ow

(4) Propellant in 3.5 inch (and snmaller) practice rockets
and rocket notors (without heads) may be destroyed by static
firing with the nozzle in place.

b. \Wherever practicable, propellant nmust be renoved from
rocket notors and destroyed by burning. 1In the event renoval of
the propellant is not practicable, the rocket notor should be
positioned or restricted to prevent nmovement and propellant in
the units shall be destroyed by static firing. Wen units are to
be destroyed by static firing, conplete details of the procedures
must be submitted to the Commander, AMC, ATTN. AMCSF for
appr oval

c. Rocket or mssile propellants (solid) may wei gh as much
as several thousand pounds per grain, and the pol ymer-oxidizer
type may be extrenmely difficult to ignite at atnospheric
pressures. Large size rocket notors for specific systems may be
destroyed per instructions contained in TMs or TBs applicable to
such systens.
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21-26. Existing Land Burial Locations. Known |ocations of

buried ammunition and expl osives, including chem cal warfare
agent s/ muni tions, shall be appropriately marked wi th pernmanent-type
signs, and neasures shall be taken to prohibit unauthorized
personnel fromentering the area. Existing records identifying

the type and quantity of items buried shall be naintained and the
burial area shall be noted on installation draw ngs.
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CHAPTER 22

VEAPONS AND AMMUNI TI ON TESTI NG

22-1. Ceneral. a. The requirenments of this section apply primarily
to AMC establishnents whose principal mission is the testing of
mat eri el, including AMC depots who perform function and trace tests of

smal |l arms ammunition per SB 742-1, but pertinent requirements are
applicable to nateriel test activities at any AMC establishnment. The
devel opment of restricted air space or a controlled firing area shal
be obtained per AR 95-2 and applicabl e Federal Aviation Regul ations
(FAR). The devel oprment of Surface Danger Zones (SDZ) shall be per AR
385-63 and ot her applicabl e docunents.

b. Hazard analysis (HA) techni ques as previously addressed
in this regulation and in AMC-R 700- 107 shall be utilized to identify
and reduce hazards to an acceptable risk. The HA will be utilized in
devel oping SOPs and will be approved by the servicing Safety O fice.

22-2. Layout of Explosives Buildings. a. 1In all future
construction, the layout of explosive buildings necessary for

mat eri el or proof testing activities shall be per the principles
shown on figure 22-1. |In separating one facility from another as
shown in figure 22-1, the distance nust be based on the quantity

and/ or class of materiel requiring the greater separation. Distance
is not intended to afford protection agai nst premature or weapon
failure. Such protection nust be obtained fromincreased di stances or
appropriately designed firing barricades.

b. Insulated contai ners or conveyances nmay be needed to avoid
significant tenperature changes in the propellants or itenms during
transportation. The containers shall be of nonconbustible materials
and constructed to provide safe transportation.

c. Cartridge case resizing operations and other operations
on inert materials or conponents may be located at intraline distance
fromexplosives buildings in aline if the inert operations serve only
one line. |If the inert operations serve nore than one |ine, they
shal |l be l|ocated at inhabited building distance fromthe |line
building. Aline is considered to be the operations incident to one
| oadi ng and assenbly buil di ng.

d. Quantities of explosives may be detonated in cubicles of

an operating building, provided the cubicle is capable of
wi t hst andi ng and confining the effects of the explosion and
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Figure 22-1. Layout - Munitions/weapons test operations.
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personnel are properly safeguarded. Certification by qualified
engi neering personnel shall be nmade periodically to ensure structura
integrity is mmintained after repeated detonations.

e. Laboratory supplies of explosives, not to exceed 15 pounds per
cubicle, nmay be stored without regard to the conpatibility required by
chapter 19, provided walls neet requirements for operational shields;
however, the principle of separating high explosives, prinmary
expl osi ves, and chem cals shall be observed.

22-3. Loading and Assenbly Building. a. The building or buildings
used for the assenbly and | oading of anmunition shall be designed and
constructed per established explosives safety principles. Nunbers of
personnel and quantities of explosives or ammunition shall be kept at
a mninmumconsistent with safe and efficient operations. Substantial
dividing walls shall be used to |imt exposures and to separate
operations involving dissimlar hazards. Explosives and personne
limts shall be posted for each operation

b. Long-term storage of assenbled rounds or expl osive conponents
shall not be permitted within the building. Wen a test support
magazi ne i s necessary, it shall be provided at intraline distance.

22-4. Responsibility for Materiel Test Programs. Test officers
shal | be responsible for the safe conduct of tests assigned to them
This responsibility includes, but is not restricted to, ensuring
adequate protection is provided and used by personnel who nay be
exposed to hazards associated with test prograns, such as high noise
| evel s, blast overpressure, fragmenting mssiles, toxic gases, snpke,
and fl ash.

22-5. Prelimnary Hazard Analysis. a. Every proposed program for
testing shall be examined by the test officer and desi gnated
responsible officials for all foreseeable hazards involved in the
test; all significant failure nodes in equi pnent and operations shal
be anal yzed to determ ne possible hazards. This nust be done with a
know edge of the construction and operation of all itens (standard and
nonstandard) to be used. Wen a specific hazard can be foreseen, it
must be elimnated or reduced to an acceptable risk | evel before
pursui ng the objectives of the test. |If this is not possible,
personnel and equi prrent nust be afforded adequate protection

b. Inert |oaded or m ni mum charge anmunition instead of HE
shall be used in all cases where the substitution will stil
yield the objectives of the test. For safety and environnental
pur poses, particular efforts shall be nade to use m ni num hazard
ammuni tion in these instances:

22-3



AMC- R 385-100

(1) When

protection cannot be provided for assigned

personnel firing ground or aircraft guns.

(2) Wen
(3) Wen

testing fuzes for fuze action only.

conducting firing test of fire-control equipnent

of tanks and conbat vehicl es.

(4) When

(5) Wen
fatigue or wear

(6) Wen
(7) Wen
(8) Wen

projectile.

(9) Wen
m ssil e systens.

(10) \When

testing propelling charges only.

firing expenditure rounds as part of weapon
test, or when proofing a tube.

conducting environmental tests of anmmunition
firing netal parts tests (projectile).

firing any warmer, conditioning, or spotter

conducting |l auncher characteristic tests on smal

testing missile flight characteristics.

22-6. Environmental Conditioning Operations/Testing. The follow ng
rules apply where tests are to be conducted on environnental |y

condi ti oned and

hazar dous materi al

a. Adequate information shall be furnished by the test officer
(prior to scheduling the test) to the servicing Safety O fice/ Range
Control Ofice to ensure

(1) SOP for testing operations (test officer responsibility)
has been prepar ed.

(2) Requi

red danger zone for each type of test.

(3) Explosives limts for environmental conditioning

roons.

(4) Recovery or disposal procedures in case of nalfunction

(5) Hazards of each test and required safety procedures (hazard
anal ysi s) have been prepared in conjunction with the SOP(s).
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b. During tests, one nenmber of the crew shall serve as observer
and shall be stationed outside the | ookout wi ndow at all tines when
personnel are within the tenperature-controlled room The observer
shall be on the alert for personnel affected by the tenperature and
for the various firing signals.

c. Wrking tine in tenperatures of 0 degrees Fahrenheit (-18
degrees Celsius) or |ower, or above 125 degrees Fahrenheit (52
degrees Celsius) will be restricted to the shortest time possible
to neet test objectives and will not exceed 30 mnutes in any
consecutive period. A close check on the tinme shall be maintained by
the observer. Breathing aids approved for the range of tenperature
i nvol ved may be required by enpl oyees working in abnorna
tenperatures. When working in atnospheres containing concentrations
of toxic dusts or vapors at 50 percent of threshold limt val ues
(TLV), approved respiratory protection nust be worn. No person shal
work al one in tenperatures bel ow -40 degrees Fahrenheit (-40 degrees
Cel sius) or above 130 degrees Fahrenheit (55 degrees Cel sius).

Emer gency, plunger-activated hardware shall be provided on the
interior sides of doors of conditioning roons or facilities.

d. Local procedures shall be devel oped for entry into areas
utilizing CO2, nitrogen or other cooling agents.

e. Al firings conducted fromenvironnmentally controlled
facilities shall be on an approved azimuth. No weapon shall be
fired in any roomunless the nuzzle, even in recoil, is |ocated
outside the port opening, or a tube extension sleeve is used to
carry the blast and gases out the chanber. Destruction tests,
excess pressure tests, and tests of known unsafe cl asses of
ammuni ti on or weapons where the possibility of anmunition or
weapon failure exists shall be conducted when maxi num safety is
af forded by the structure. This shall be acconplished by an
approved plate shield over the weapon and an approved plate
shield to the rear. These portable structures shall be placed so
as to forman effective operational shield.

f. Al equipnent enployed in environnental conditioning of
expl osi ves shall be submtted for review and approval by the
Safety O fice. The location of all such equipnent shall be sited
per quantity-di stance requirenents.

g. Environmental conditioning units (ECU) will not be noved
when contai ni ng ammuni tion/ explosives. ECUs are intended to
condition ammuni tion and expl osives for testing, they are not
intended as long termstorage. |Itens in ECUs will not renmin
| onger than 10 working days wi thout approval fromthe supporting
Safety Ofice.
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h. Exhausts shall be piped to the outside of the buil dings.

i. Protective clothing and equi pnent shall be provided and
used by all personnel who are required to enter the
environmental | y-controll ed room

j. Environnental conditioning operations shall have two
i ndependent |y operating, automatic, hot and cold tenperature contro
devices to regul ate tenperatures and to shut off the heat source.

k. At elevated tenperatures, make-up air will be provided for
recirculation in conditioning facilities. For tenperature range +70
degrees Fahrenheit (21 degrees Celsius) to +180 degrees Fahrenheit (82
degrees Celsius), the change rate should be 15 air changes per hour
within the facility with 10 to 20 percent fresh air makeup. Through
tenperature range +70 degrees Fahrenheit (21 degrees Celsius) to -80
degrees Fahrenheit (-62 degrees Celsius), 5 air changes per hour will
be provided. |f a hazard analysis determines that there is no hazard
associ ated with a buildup of gases that may evol ve during conditioning
of explosives, up to 100 percent recirculation (w thout make-up air)
may be used. Nonferrous (sparkproof) material shall be used for fan
bl ades and ducti ng.

. Heating blankets for environnental conditioning of
amunition itens shall be fabricated fromfire retardant nateria
as prescribed by ML-C 20696 with positive type overheat protection
circuit protection shall be provided by current limting devices.
Thernostat protection shall be provided over the surface of blanket to
prevent "hot spots."

m Laboratory ovens (electrical energy source), if purchased
froma comrercial private vendor, shall conply with AMC-R 385-100,
chapter 6, and al so have the required designation of the Cccupationa
Saf ety and Health Adm nistration (OSHA) Standard, 29 CFR 1910. 307,
Hazardous (Cl assified) Locations. The (electrical energy source)
| aboratory oven nust satisfy either the "Class Il, Division |, Goup
G or "Intrinsically safe" design specifications.

(1) Design requirenents. Al ovens shall be provided with
dual automatic heat controls, one of which shall override the other
In ovens heated by steamonly, the requirements for dual automatic
heat controls shall be satisfied if the steampressure is controlled
by a reducing value (max of 5 psi unless otherw se authorized) on the
mai n buil ding steam supply and a thernostat on the oven. In ovens
heated by electricity, the overriding control shall be of a manua
reset type which shall shut off all current to the oven in the event
of failure of the first operating tenperature control. The operator
may manual ly reset the thernostat after cause of failure has been
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determned and corrected by qualified personnel. Ovens shall be

equi pped with bl ow out type panels or the door rnust be provided wth
self-rel ease | atches (nechani cal or magnetic). Ovens shall be
effectively vented to permt the escape of dangerous gases that

may evolve during heating or drying of material. Steam shall be
used as the heating nedia wherever practicable. Wenever electric
heating el ements must be used, the elenments shall be |ocated where
there is no possibility of contact with expl osives or flamable
materials. (This may nean using forced air non-recircul ation
systens.) Any surfaces exposed to explosives shall not exceed 228
degrees Fahrenheit (109 degrees Celsius). |If the oven uses a fan for
circulation of air, the blades shall be of nonsparking material and
where possible, the electric notor shall be installed on the exterior
of the oven. Air used for heating shall not be recirculated if the
heating surface is above 228 degrees Fahrenheit (109 degrees Cel sius)
or contains material which may collect on the heating coils.

(2) Installation requirenents. Al noncurrent carrying
metal parts of the oven shall be electrically bonded and grounded.

(3) Usage requirenment. O her hazardous materials shal
not be located in the roomor cubicle near an oven. The quantity
of explosive material in an oven shall be linmted to the type and
quantity authorized for the specific oven. The explosives limts
shal | be conspicuously posted on the oven door as determ ned by the
operation being conducted. |If the explosive is wet with a flammable
solvent, it shall be air-dried to remove as nmuch of the sol vent as
practicable prior to being placed in the oven. Ovens shall not be
used for explosives storage. Explosive materials shall not be placed
directly on the floor of the oven. The drying tenperature of
compositions shall be known before drying operations commence. Oven
tenperatures shall be checked during operation at specified intervals
especially after recent adjustnment or during extended drying periods.
Al'l ovens shall be cleaned after each conposition (including vacuum
lines, circulation ducts, etc.) is dried. A record of the cleaning
will be noted on a card attached to the oven. An additional record of
cleaning will be maintained by the supervisor of the operation

(4) Ovens shall be calibrated at |east sem annually or
whenever mai ntenance i s perforned.

22-7. Range C earances. a. GCeneral. A clearance shall be granted
only by the range control/range safety person having jurisdiction of
the danger area in which the operation is to be conducted. |If a test

enconpasses two or nore danger areas, the range control/range safety
person of the area in which the weapon is |ocated shall obtain the
necessary coordination and clearance fromthe other range

control /range safety persons invol ved.
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b. Entrance/exit clearances. The person in charge of any
work crew entering a danger area shall obtain a clearance from
the range control/range safety person or test director in charge
of the test immediately prior to entering. The clearance shal
i nclude the nature and | ocation of the work to be done, the nane
of the person in charge of the crew, and the nunber in the work
crew in the danger area. The person in charge shall be responsible
for accounting for each person assigned to the work crew when
entering, traveling within, or |eaving the danger area. Each work
crew nmust confine its activities to the areas for which the cl earance
is granted and to the prescribed routes to and fromthat area. The
person in charge of the work crew shall be responsible for naintaining
communi cation with the range control/range safety person as directed
and for canceling the clearance when the work crew | eaves the danger
ar ea.

c. Test/firing clearances. Each test officer shall obtain a
testing/ firing clearance fromthe range control/range safety
person prior to conducting the test. Testing of amunition
items, rockets, or guided mssiles often creates hazardous conditions
for aircraft operating in the restricted airspace near the planned
trajectory (i.e., installation airfield). |If this airspace is
periodically subjected to air traffic, precautions will be taken by
the range control/range safety person and the test officer to assure
that the restricted airspace will be clear of traffic at the tine of
testing. Coordination with local air traffic control tower shall be
mai ntai ned during the period of testing. Having obtained a testing
clearance fromthe range control/range safety person, the test officer
shal |l not be authorized to transfer the clearance to any other person
In the event the test is to be assuned by another test officer, the
original clearance shall be canceled and the new test officer
will obtain a new clearance prior to resunption of testing. At
the conpletion of any testing, the test officer shall notify the
range control/range safety person who shall cancel the clearance.

d. Establishing danger zone. The range control/range safety
person shall plot and determ ne the danger zone of each test per
the danger zone prescribed for that class of fire, using the
i nformati on concerning |ocation of the weapon, azinmuth of fire,
type of ammunition to be tested, range to inpact or burst, and
any other pertinent data. To determine the range for a given
program the range-elevation curve applicable to the data subnmitted
shal |l be used. When a curve is not available for a prescribed
velocity of projectile, the curve for the next higher velocity and the
projectile giving the | ongest range shall be used. The danger zone
will extend to the side and rear of the weapon and adequate
precautionary neasures shall be taken to protect personnel/equipnent.
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Signs or flags other than those displayed by the range control/range
safety person shall be posted or displayed at various | ocations
throughout the installation to further define the danger zone. The
test officer shall be responsible for ensuring these warning signs,
flags, or road barriers are placed under the instructions of the range
control /range safety person. The signs, flags, or road barriers

when posted or displayed shall not be passed unless authority to

do so has been given by the range control/range safety person

Danger zone data shall be kept on file in the range control

of fice.

e. Firing over water. \WWhere necessary, patrol boats shal
be utilized when tests involve inpacts and bursts over water areas to
assist in assuring safety. C earance must be obtained fromthe range
control /range safety person before conducting any test which wll
endanger water areas. Before granting a clearance, the range
control/range safety person shall check with all other range
control /range safety personnel and with other patrol boats assisting
in nmonitoring the safety of the restricted water areas as specified by
|l ocal SOP. Firing shall not be permitted over restricted water unless
the danger zone has been determned to be clear of personnel and
wat ercraft.

22-8. Ammunition and Equipnent at Firing Fronts and Firing
Positions. a. The quantity of ammunition or explosives delivered to
a firing position shall not exceed that required to conduct the test
safely, efficiently and without delay. Al ammunition at the firing
position nust be so |located as to nmake its ignition, explosion, or
detonati on i nprobable. The amunition should be piled on a clean
tarpaulin or nonflanmabl e dunnage in a dry |ocation, free of
conmbusti bl e material or excess vegetation, protected fromthe rays of
the sun by a tarpaulin or other cover, with air space between the top
cover and the itens to provide ventilation. It nust be stored in a
manner to prevent ignition froma grass fire. Wite phosphorus shells
must be securely positioned vertically and well away from personne
(refer to chapter 11, paragraphs 11-23 through 11-29).

b. No firing shall be conducted which will endanger, either
by fragnents or blast, any equi prment such as cranes, shovels,
| oconotives, trucks, etc., which mght be parked in the vicinity
of firing fronts.

c. 1t shall be the responsibility of the test officer to

protect equi prent and personnel that m ght be endangered by test
firing under his control
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22-9. Safety Signhals. Standardized signals shall be used to

warn personnel of firing in the area. For the sake of uniformty, the
foll owi ng signals should be used. Al test officers/directors nust be
thoroughly famliar with the various signals.

a. Firing signal. The signal to fire shall be given by the
test officer imediately prior to firing. The signal may be given via
radio or other audible signal such as a whistle, horn, siren or bell.
Local procedures will be established to ensure all personnel are aware
of the intent to fire.

b. Warning signals. During daylight (unless other neans such as
Iights have been provided) red warning flags shall be displayed to
i ndi cate testing/operations in progress. A flashing red |ight shal
be used to indicate that firing is being conducted or is planned in
t hat danger area

22-10. Testing Facility. a. No test shall be conducted unless
safe testing facilities are provided. The test officer shal
determ ne the adequacy of facilities and the need for additiona
saf equards prior to beginning tests.

b. Maxi mum use shall be nade of nechanical/electrical devices to
repl ace manual operations.

c. Weapons operated by renote control shall be equipped with
devi ces by which operations can be halted when noticing a hazardous
condition. These devices shall be independent of those regularly used
for controls so the operation can be stopped if the regular control
shoul d fail.

d. Firing froma protected location is preferred for all firing
and is required where chanber pressures of the order of 115 percent or
greater of rated naxi mum pressure are expected.

22-11. Range Crews. A range crew shall consist of at |east two
persons, and no testing shall be performed on any recovery field

or inpact areas with less than two persons present at the |ocation
The person in charge of the crew shall be responsible for their
safety, and assure personnel renmmin inside a closed bonbproof during
firing. He shall maintain constant comunication with the firing
poi nt and the range control/range safety person during the firing
program and he shall not give approval to fire until all safety
precautions have been ful fill ed.

22-12. Halting Hazardous Progranms. All personnel shall be alert
to detect any evidence of unsafe conditions. An individual nust
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stop a test when an unsafe condition exists. Operations will not
continue until the condition has been corrected. Exanples of the
points to be checked are:

a. Filling of recoil nechanisns.

b. Safe function of the firing mechani sm

c. Absence of foreign obstructions in the bore.
d. Correct selection and installation of fuzes.

e. Correct charges for separate | oaded ammunition and
nortars.

22-13. Test Firing Recoilless Wapon and Ammunition. a. General

Al'l personnel shall be adequately protected fromboth breech blast and
possi bl e premature or mal function of the round. To protect against
flying nmissiles as a result of the blast, breech-blast danger areas
shall extend to the rear of the weapon, 100 yards for all calibers up
to and including 75mm and 150 yards for l|arger calibers or as
specified by range control/range safety. When effective barricades
are used to confine the blast effect, the danger zone nmay be reduced.
The protection of personnel and equi pnent shall be provided. Wapons
mounted for vehicular firing shall be analyzed to ensure protection of
the | oader and ot her nenmbers of the work crew

b. Safety switches. The safety switch on the weapon shall be in
the safe position while the weapon is being | oaded. The weapon shal
not be advanced to the firing position until the breechblock is closed
and all preparations for firing are conpl et ed.

c. Miltiple firing. Special precautions nmust be taken for
progranms requiring multiple firing due to the rear blast possibly
obscuring a msfire. Wen salvo firing nust be done, at least 2
m nutes shall be allowed to pass after a one-volley salvo before
openi ng any breechbl ock. When several salvos are to be fired, a
desi gnated crewran shall be responsible for observing whether or
not his piece has fired. |If arifle has not fired or if there is
doubt as to whether it has fired, the breechblock shall not be
opened unl ess the provisions covering msfires are followed. The
rifle should be elimnated fromthe sal vo program

d. Special precautions. Unburned propellant fromtest

firing weapons shall not be allowed to accumulate in the surroundi ng
area. Decontam nation by nmeans of controlled flashing is pernissible
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i f other explosives and flanmable or conbustible material are at | east
100 feet away fromthe outernost edge of the contami nated area. An
approved SOP nust be in effect and readily available to the clean-up
Ccrew.

22-14. Vertical Firing. a. Vertical firing or firing in the

i medi ate vicinity of 90 degrees el evation shall be conducted only in
an isolated area that will safely acconmodate the maxi mum di spersion
expected under the conditions. For calibers up to and including the
57mm gun, this area shall have at |east 1,000 yards radius fromthe
gun. Such firing nmust not be conducted on days when excessive wi nd
velocities prevail. No weapon above 57mm shall be fired wi thout
current wind data, and a corresponding increase in the danger zone.
Where the inpact cannot be deternmined (for under 57mm) when firing
with an el evation that would ordinarily give safe inmpacts, the firing
shal | be suspended until w nd data are obtai ned.

b. The weapon shall be | ocated based on the prevailing w nds
for the particular ordinate and particul ar season with respect to
the selected inpact area, and shall have been previously set with
m ni num cant. The gun shall be sighted on the center of the
i npact area and elevated in the vicinity of 90 degrees.

c. Vertical firing of high explosive filled projectiles may
be perfornmed only if initiating components of the projectiles are
inert and provi ded the danger zone is increased to accomvpdate
fragmentation and/or blast overpressure in the event of detonation of
the projectile. Projectiles containing small charges of black powder
that will not produce fragnentation of the shell and live initiating
conmponents nmay be fired vertically.

d. Test support personnel at test sites shall be located in
bonbproofs whi ch are adequate to wi thstand penetration of the
particular caliber to be fired.

22-15. Firing Over Personnel. No firing over personnel shall be
permitted unl ess the personnel are under adequate cover as detern ned
by a hazard analysis. Amunition used for this purpose will be
researched to ensure no overhead fire suspension notices are in
effect.

22-16. Test for Specific Itenms. a. Hand grenades. Live hand
grenades shall be tested only with a nechani cal grenade thrower or
speci al |y designed and approved apparatus or facilities for static
testing.

b. Rifle grenades. Live rifle grenades shall be tested only
with the rifle secured in a rest and with all personnel in an approved
bonbpr oof .
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c. Snoke/obscurants/riot control anmunition. Test officers
must take into consideration the direction and velocity of the
wind to prevent the |iberated snoke and obscurant from endangering
nearby localities. Consult with appropriate Environnental Quality
Ofice to ensure conmpliance with EPA regul ations. A waiting period of
15 minutes will be observed before exanining or recovering snoke (not
WP) and riot control agent filled hand grenades and canisters from
105mm and 155nm projectiles (with ignition device installed but
wi t hout HE conponents) that fail to function during surveillance
testing. |If, for any reason, the itens cannot be refuzed and
retested, collect in a safe location for subsequent di sposal

d. Anti-tank mnes. Tanks or other vehicles shall not be
driven across fuzed live full-load high explosive mnes. Vehicles can
be driven over unfuzed or down-loaded mnes if a hazard analysis is
conducted to determne the protection requirenents and such protection
is installed. 1In cases where the tank or vehicle is towed over nines
by anot her vehicle, personnel shall not be permitted in the towed tank
or vehicle. A specific distance based on hazard anal ysis shall be
provi ded between the towed vehicle to prevent injury to personnel in
the towing vehicle. |If the towng device is to be disconnected, this
must be acconplished renptely wi thout exposure of personnel

e. Anti-personnel mnes. This amunition shall be functioned by
means of wires, sash cords, or sonme other type of |anyard having
negligible stretch. The wires or cords shall be encased in a
per manent or seni pernmanent conduit fromthe mne to a renote,
protected firing location. Mnes shall be secured in fixtures so that
m ne bodi es cannot be tipped fromthe vertical position either by
pulling the wires or cords or by the recoil of the m ne base. The
wires or cords shall not be attached to the mine until the latter is
inthe fixture. Properly identified activation cord(s) or cabl e(s)
will be used to function the mnes by renote control. In event of
msfire, a waiting period of 30 minutes or nore will be observed
(based on conditions). Mnes that do not function will be renoved
fromthe firing fixture by renpte control w thout exposure of
personnel . Provisions shall be rmade for "pre-rigging" explosive itens
for safe rennte control renoval of malfunctions wthout the need for
handl i ng.

f. Famly of scatterable m nes (FASCAM .

(1) The anmmunition shall be tested renotely providing
adequate protection to personnel while the mnes are in the initiating
arm ng phase. Protection shall be provided while simulating any
depl oynent characteristics after activating the arm ng process of the
m ne, or operating within the potential hazardous fragnentation

22-13



AMC- R 385-100

di stance of previously activated mnes. All sequence test eval uations
associated with activated mnes nust be acconplished remptely w thout
exposure to personnel. Tanks or other vehicles shall not be driven
across an activated high expl osive m ne

(2) Duds can be renotely di sposed of by disassenbly or
expl osi ve destruction, or by other nechanical neans after waiting
the el apsed period of self-destruct time (T-setting), plus a
m ni mum wai ting period of 24 hours. The required waiting period
can be reduced to T-setting, plus 4 hours if a renpte attenpt is
made to function the dud or nalfunction. This attenpt shall be
made by prinme fuze sensor stinmulus prior to conducting any
di sposal operation

g. Small anti-arnor missiles. |If the safety fan of a mssile
exceeds the boundaries of the test range, a flight term nati on system
shal |l be incorporated into the mssile. This systemshall be capable
of termnating an erratic flight prior to violation of range
boundari es.

h. Rocket nptors.

(1) Mobile cranes will normally be used to handl e | arge
rocket notors at the firing pad.

(2) Approved type slings of reinforced rubber or nylon web
are recommended and shall be used in handling thin walled notor
cases in lieu of woven netal or wire rope slings. Al slings,
regardl ess of type, will be inspected before use.

(3) The installation of mssiles and rocket notors into test
positions will not be undertaken until all equipnent has been given
t horough i nspections and approval by the supervisor of the operation.
Al'l operations personnel shall be thoroughly briefed on each phase of
the novenent and the overall objective. The test officer shal
exerci se conplete control over the operation at all tines.

(4) Wen possible, notors will be installed in a manner to
prevent the notor from backing out of the test fixture. These tie
down nethods shall have a safety factor of 5 to 1.

(5) The rocket notor will be grounded during all test
operations (off loading, loading in test fixtures, and firing). The
ground will first be attached to the rocket nmotor and then attached to
the facility ground.

22-17. Unplanned Cook-Of. a. |In tests involving a high rate of
fire, particularly with machi ne guns and antiaircraft guns, autonatic
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function or "cook-off" of a round left in the hot gun for a period of
time is possible. The possibility of cook-off depends |argely upon
the rate of heat dissipation of the weapon, and factors such as high
air tenperature, low wind velocity, and | ow el evati on of the weapon.

Confinenent of the weapon will increase the possibility of cook-off.
To prevent cook-off, the weapon will be periodically cooled with water
during the test; or if the use of water is prevented for sone reason
the enpty and opened weapon will be air cooled. |In case a round is

retained or remains in a hot weapon with the breech cl osed, al
personnel in the vicinity shall remain within a bormbproof (shelter)
until sufficient tinme has el apsed to assure that a cook-off wll not
occur or unless sone nmeans of water cooling the weapon by renote
control is available. |If a round jans and the breech fails to close,
personnel in the danger zone shall be placed within a bonbproof
(shelter) imediately and the weapon cool ed renptely. The foll ow ng
shal|l be followed to assure adequate cooling of the weapon:

(1) Water cooling - 5 minutes
(2) Ar cooling, machine guns - 15 m nutes
(3) Ar cooling, other guns - 30 m nutes

b. Wen the possibility of a cook-off exists, the danger zone for
personnel in the vicinity of the weapon when firing explosive
ammuni ti on shall be:

(1) Machine guns - 200 yards (180 neters) radius.

(2) Weapons up to and including 75nm - 400 yards (360
met ers) radi us.

(3) Weapons over 75mmup to and including 105nm - 600
yards (550 neters) radius.

(4) Weapons over 105mm - 800 yards (730 neters) radius.

c. Wen inert amunition is used, radii given above may be
hal ved. When effective barricades are used to confine blast effect,
the danger zone nmay be reduced. The distance and type of protection
shal |l be such that safety of personnel is assured. |In all cases of
possi bl e cook-of f, the danger zone down range shall be nmintained as
for actual firing until the danger has passed.

22-18. Premature Bursts. The test officer shall notify the range
control/range safety person i mediately of a premature burst. The
range control/range safety person shall either suspend the test or
increase the lateral limts of the danger zone per prescribed safety
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di stance prior to allowing the test to continue. The increased
lateral linmts shall be maintained until the particular test is
completed. Al personnel in the increased lateral lints area will be
evacuated or placed in an approved personnel bonmbproof (shelter) prior
to continuation of testing.

22-19. Msfires. GCeneral precautions. A waiting time of 30 mnutes

fromtime of predicted firing will be observed before downl oadi ng.
This time will be used as a safety period due to an abnor mal
situation. The misfired round will be marked as such and placed in a

predesi gnated safe holding area. The safe holding area will be
determ ned according to quantity-distance (@ D) requirenments and wll
not present a personnel fragnentation hazard. Wile waiting after a
m sfire, all persons shall remain wthin approved personnel bonbproofs
(shelters) in case the systemfunctions. At the sane tine, al

el ectrical connections which can cause firing of the weapon shall be
deenergi zed. The appropriate danger zone for the actual firing shal
be nai ntained during the waiting period when a cook-off is expected.
After the round has been renoved, it shall be i medi ately placed where
subsequent detonation will not cause injury or danage. Before
resuming fire after a msfire, the firing pin and mechani sm shal

be checked for proper functioning and the barrel of the weapon

shall be examined to assure it is clear. Additional msfire
procedures nmay appear in Technical and Field manuals for specific
weapons and ammunition itens.

22-20. Cover. a. GCeneral. During tests involving expl osives,

all energetic material shall be located in a substantial barricade or
in an isolated area with adequate cover for all operating personne
and equi pnent within the danger zone. On tests where there is a
possibility of fragmentation, the test officer shall require al
personnel within the danger zone to nove to an approved personne
bonbproof (s) (shelter). Only the m ni num nunber of personnel required
to conduct the test will be involved in the firing operations. The
person assigned to attach the | anyard, however, shall be the last to

| eave the enpl acenent or stockade, and no firing shall be attenpted
until he has informed the test officer that all personnel are clear of
the weapon and in an approved personnel bonbproof (shelter).

b. Portabl e bonbproofs. Portable bonmbproof types and uses
are set forth in table 22-1. Design of bonbproofs (shelters)
must be approved by the Safety Office. Enplacenent of bonbproofs
(shelters) must be approved by range control/range safety.

Port abl e bonmbproofs will be narked as to nunber of personne
permtted, type of bombproof and wei ght of bonbproof.
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CLASS TYPE OF TYPE OF TYPE OF NUMBER OF TO ng‘JSED CALIBER OF
ARMOR VISION PORTS PERSONNEL LOCATIONS WEAPON
' Safety .
3 . . Firing Front &
A Indirect Glasses with * All
Homogenous Periscope Impact Area
Safety
B +2" Green Indirect Glasses with * Firing Fronts All
Periscope
+3/4" Boiler -
- . +1" Safety * Firing Fronts Up to and Incl
¢ Plate or Mild Direct Glass Trajectory Line 30MM
Steel
1/4" to 3" Direct or Cameras, X-Ray,
X Homogenous None Open or None No Ammo Shields All
* Each bombproof will be marked as to the number of personnel permitted.
Tabl e 22-1. Portabl e Bonbproof Types and Uses
c. Locating portable bonmbproofs (shelters). Portable bonbproofs

(shelters) shal

di stances to the firing points being as indicated in table 22-2.
cl ass A bonbproofs (shelters) only shal

observation of artillery projectiles.

3. Portabl e bonmbproofs (shelters) shall

to prevent overturning.
bonbproof (shelter) shal

VWhen the inpacts result
be |l ocated in the weapon side area on either side of

These shal

be enplaced at firing points as shown in figure 22-2 with the

Port abl e

be used in the inpact area for

be enpl aced per figure 22-
be adequately secured and supported
in fragnentation,

t he

the Iine of fire | ocated nore than 10 degrees frominpact on the dividing |ine
results and nore than 45 degrees frominpact on the line of fire (figure 22-

3). After being properly located as described in figure 22-3, the
bonbproof (shelter) shall be oriented with respect to the inpact

so that no wall surface is presented to fragnentation at an angl e
greater than 60 degrees. This can usually be done by centering

one intersection of the walls of the bonbproof (shelter) in the

case of a square or U-type, or pointing the apex of the bonmbproof
(shelter) in the case of a pointed V-type toward the inpact. Under no

ci rcunmst ances shall the bonmbproof (shelter) be oriented to expose the rear to
gunfire and fragnmentation. GObservations from bonbproofs (shelters) shall be
indirect -- by mrrors, periscopes, or other devices approved by the officia
responsi ble for range safety.
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Firing Point to Bombproof Distances (in feet)

Category of Firing Class A Class B Class C Class X

Small Arms up to 30MM Inclusive,
Shoulder Fired Rockets up to 3.5" 5 5 5 *
Inclusive
Artillery Items, Incl Rockets, up to &
Including 175MM Gun. All Howitzer Incl 40 40 Not .
8" Howitzer (Propellant Charges up to 54 Permitted
Ibs.)
Artillery Items, 8" Gun and Over 80 80' Not N
(Propellant Charges 55 to 160 Ibs.) Permitted

, , At 10" or At 10' or Not N
Recoilless Rifles up to 120MM beyond 40' beyond 40 Permitted

. . At 25' or At 10" or Not .
Recoilless Rifles Above 120MM beyond 60' beyond 60 Permitted
Propellant Charges Above 160 Ibs ** *k Not *

’ Permitted

* Class X to be used only for cameras, X-Ray equipment, ammo (no personnel).
** Distance of bombproofs to be established by the official responsible for range safety.

Tabl e 22-2. Separation of Firing Points and Bonbproofs

d. Portable shields. Portable shields for the protection of equipnent;
i.e., canera, instrunentation, etc., will be utilized for that purpose.
Design criteria will be based on the protection required for the item being
tested, distance fromthe test site and the iten(s) being protected. Approval
of the type and design will be the responsibility of the Safety Ofice. The
of ficial responsible for range safety will approve the location of the itens
bei ng protected, the shield positioning, and type shield required.

22-21. Deflection and Elevation. a. Deflection. Firing shall not be
permtted unl ess the weapon has been laid in previously by a qualified gunner

or other know edgeabl e person to ensure the first inpact will be at |east 200
neters fromthe observer's bonmbproof (shelter) for small caliber weapons.
Tests involving | arger caliber weapons, i.e., 105mm 4.2 inch nortar, etc.,
will require 250 neters or nore distance fromthe bonbproof (shelter). The
test officer is responsible for assigning a qualified person to check the
deflection prior to firing. |In rapid fire, the person responsible for
deflection shall ensure the weapon will not drift in traverse. This

i ndividual is also responsible for correcting any errors in the sighting
system
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b. Elevation. The elevation shall be obtained from past
firings, records, firing tables or range-el evation curves. The
test officer is responsible for assigning a qualified person to
check the elevation prior to firing. Frequent elevation checks
must be conducted based upon the requirenment of the test.

22-22. Test Firing Involving Aircraft. a. Flight paths. Each
installation at which bonbs are dropped in tests shall establish
safe flight paths to be used in flying to, over, and fromthe
bonbi ng areas. These flight paths will be followed as closely as
possible. Deviations will be reported to the controlling agency.
Aircraft shall not egress the restricted airspace w thout

approval of the FAA or appropriate controlling agency.

b. Cdearance. Prior to scheduling any flight entering special
use airspace or danger areas, the test officer shall obtain the proper
test clearances fromthe appropriate range control/range safety
person. \When requesting the clearance, the test officer shall conply
with local procedures which will conpletely describe the itemto be
tested, speed, altitude, type of aircraft, expected point of inpact,
and the expected flight path to be foll owed. Wen ground observers
are used, bonbs shall not be dropped until an additional clearance is
obtained for the aircraft through the use of a prearranged signal
Clearance will not be granted until it can be assured the anmunition
will fall within the designated inpact field. No clearance will be
given to drop bonbs if any doubt exists concerning |ocation
identification and visibility of the target.

c. Bonbing. Aircraft |oaded with bonbs shall not fly over
private property, buildings, or assenbl ages of persons unless bonmb
racks are | ocked, bonb bay doors closed, and all rel ease nmechani sns
are in the "off" position. The dropping of bonmbs nmust be carefully
controlled to assure bonmbs will fall within the designated inpact
field and without injury to personnel or equipnent in the area. The
use of a bonmb sight or an equally positive signaling device controlled
fromthe ground is recommended for all bonbings.

(1) VT-Fuzed bonmbs. For tests in which VT-fuzed bonbs are
dropped fromaircraft, an armng delay or simlar device shall be
used as an extra safety device when the objectives of the test
pernmit. The altitude fromwhich the bonbing is conducted shal
be increased sufficiently to permt proper functioning of the
arm ng del ay.

(2) Hung bonb. In case of a hung bonb, the pilot shal

i mediately notify the range control/range safety person and attenpt
to release the bonb in a safe place designated by the range
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control /range safety person who shall give the necessary warnings. |If
the bonb cannot be released and, if in the opinion of the pilot, it is
necessary to land at the installation airfield, the pilot shall obtain
the necessary clearance to land. Prior to pernitting the |anding, the
field shall be cleared and all enmergency units shall be alerted.

d. Rocket firing. Al rocket firing conducted fromaircraft
shall be with practice |oaded nonfragnenting heads, inert |oaded
or hi gh-expl osi ve | oaded rockets of accepted type and cali ber
fitted with inert fuzes or inert boosters. Firing of HE anmunition
with live fuzes and live boosters shall be done only when accepted
conponents are used, and then only with the approval of proper
authority. Aircraft, nounted with rockets, shall not approach a
firing range by passing over inhabited buildings or popul ated areas
out si de of the danger zone. Arming of the rocket firing circuit shal
be withheld until the aircraft pilot is making his approach to the
target area. An electrical interlocking feature shall be incorporated
into the firing circuit to preclude firing of rockets if the aircraft
drifts off target. A designated drop area shall be available for
di sposal of rockets in case of misfire.

e. Aircraft conmanders. Only fully qualified personnel who
are thoroughly fanmliar with established range regul ati ons shal
be permitted to drop bonbs or fire projectiles fromaircraft.
The aircraft comrander or pilot shall be responsible for instructing
al | personnel assigned to, engaged in, or observing bonbing m ssion
test fromaircraft concerning the standard procedures regarding
energency exit and rescue procedures fromthe aircraft. Effective
two-way comuni cations will be established and nmaintai ned between the
aircraft and ground operations at all times during amunition testing.

22-23. Marking Duds and Recoverable Ammunition. Wen a test
program requiring the use of projectiles or bonbs containing high
expl osives, or arned with live fuzes or |ive boosters, is fired

for inpact on, or burst over a recovery field, observers shall be

| ocated in an approved personnel bonbproof (shelter) to note and

| ocate the inpacts and duds, and to observe the functioning of each
round. Stakes bearing flags shall be used to designate the |ocation
of anmmunition duds or ammunition fired for recovery. The flags used
to designate the | ocation of ammunition to be

recovered shoul d be:

a. Red flag for inert projectiles.

b. Yellowflag for HE projectile, bonb, or live fuze or
conbi nation of these.

c. Wite flag for undeterm ned | oadi ng which shall be
desi gnat ed hazardous until determ ned otherwi se.
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d. Black flag for DU projectiles.

22-24. deaning of Ranges. Ranges shall be "policed" for live
ammuni ti on as soon as practicable after each test (not to exceed

30 cal endar days). The disposition/disposal of unexploded (dud)
amunition fired on test ranges is the direct responsibility of

the organization firing the item Amunition collected as a result of
these policing operations shall be disposed of as foll ows:

a. Slugs and ammunition with inert filler and inert fuzes
shall be collected in a separate stack in a designated safe | ocation
and the stack identified for future disposition, follow ng Arny and
| ocal environmental/disposition guidance.

b. Anmunition containing high explosives with Iive fuzes and
all duds shall be detonated in place by personnel certified per
AMC- R 350- 4.

c. Dud amunition shall not be left on the range after testing
has ceased for the day unless at |east one of the follow ng situations
exi sts:

(1) The range has a security fence totally surrounding it.
(2) The range has a 24-hour physical security coverage.

(3) Trespassing on the range is not evident or access is not
easily gained frompublic traffic routes (i.e., land, water).

d. Live fuzes in projectiles containing inert filler shall be
destroyed in place or recovered for disassenbly by personnel certified
per AMC-R 350-4

e. Projectiles containing high explosives with dummy fuzes shal
be di sposed of per local requirements under direction of the servicing
Safety Ofice.

f. Al persons, except those certified per AMC-R 350-4, and
ot her authorized individuals, shall be prohibited at all tines from
touching or disturbing in any manner, dud ammunition. Unfuzed or
inert fuzed |ive amrunition or amunition conponents which have failed
to function will not be recovered unless it has been deternined that
recovery will be necessary for the purposes of exam nation. Except
when usi ng approved arnored vehicles and/or renote control recovery
and di sassenbly equi prent so that adequate protection is provided the
operator and all other personnel, live ammunition with live fuzes
whi ch have failed to function will not be recovered. Recovery of dud
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or mal functioned itens must be acconplished only by personne
certified per AMC-R 350-4. Test progranms nmust be planned to use inert
components when practicable to ensure safe recovery.

g. Mrking and recovery of depleted uranium (DU) amrunition
may be conducted only by certified ammunition handling personnel who
have received a health physics radiation safety orientation within the
past year. An approved radiac neter, GM or gamm scintillation
will be used to identify DU itens. Personnel wll wear TYVEK
coveralls, rubber gloves, and a whol e body thernp-|um nescent
dosineter (TLD) if determ ned appropriate. Eating, snoking, and
drinking in DU areas is prohibited. DU material will not be handl ed
with bare hands. Storage and di sposal of DU material will be per AR
385-11. Personnel will be nonitored by health physics personnel for
radi oactive contam nation after completing DU recovery operations.

22-25. Test Range Firing Grcuit Criteria. The following criteria
are guidelines for the design of electrical circuits which are used to
armand initiate squibs, igniters and sinilar el ectroexplosive devices
(EED) at test range activities.

a. Every electrical ARMand FIRE circuit on a test range shal
include an interlock device, consisting of a safety plug or a key-
operated switch, to prevent inadvertent energization

b. The safety plug design and configuration shall be unique
for its application and use to prevent unauthorized or accidenta
activation of a firing circuit. Key-operated switches for ARM and
FIRE circuits shall be designed to lock in the safe (off) position
when the control key is renoved. Duplicate keys or safety plugs shal
not be permitted in any test area.

c. Al fire control circuits in test operation areas shal
be properly docunented for operational control purposes.
Docunent ati on shall include conplete wiring diagrans or running
sheets, electrical schematics, and cable functions lists. Al
changes or nodifications to FIRE control circuits nust be approved by
the Safety Ofice before being incorporated into the FIRE contro
circuits.

d. Wenever feasible, each FIRE control circuit shall be
bal anced to ground and isolated fromall other circuits. A shielded,
twisted pair of wires with an outer insulating jacket is preferred for
each circuit. The FIRE conductors shall be physically isolated and
shall not be run in the same cable with any other circuits. The
system shall as a mninum be singl e-point grounded with no conmon
return wires. The safety plug or key-operated switch shall not break
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(interrupt) the cable shield. Shields shall be earth-grounded at one
end and shall not be used as a current-carrying el ement.

e. Wen the firing | eads exceed 100 feet in length, at |east two
interlocks shall be used. One shall be |located as near the squib as
possi ble, and the other on the fire control panel. The two plugs or
| ocks nust not be identical

f. Al programers (sequential tiners) used in firing circuits
shall be "fail safe"; i.e., failure of a conponent or circuit nust not
energize the firing circuit.

g. The fire control network shall include both an ARM swi tch
and a FIRE switch. It is desirable that the safe node of the arning
circuit not only interrupt the firing circuit, but also short-circuit
and earth-ground the squib ternminals. A relay with heavy-current
contacts (three anperes or greater) is appropriate for this function
if located close enough to the squib to ensure a | owresistance,
noni nductive (RF-inpervious) short circuit.

h. Procedures nust assure that personnel are adequately protected
(in case of initiation) before testing circuit continuity with EEDS
installed. Wen circuit continuity tests are necessary, the test
current shall not exceed 10 percent of no-firing rating of EED in the
circuit.

i. Firing circuits shall be clearly marked or otherw se
identified in a distinctive manner and installed so as to prevent
them from beconmi ng i nadvertently energi zed fromother circuits.
Testing for stray voltage on the firing line shall be done per chapter
21.

j. Local review boards or safety officers may specify alternate
shorting and groundi ng techni ques of either or both requirenents. In
general, however, squib circuits shall include sone type of leak to
ground to prevent static potentials frombuilding up. Deviations from
this criteria are left to the discretion of |ocal review boards and
safety officers.

k. A locally devel oped SOP will be prepared to establish
necessary control over test operations and to ensure security of
ARM and FIRE circuit protective devices.

22-26. Function and Trace Test of Ammunition. a. Ceneral

(1) This paragraph prescribes the safety precautions
necessary in conducting tests required by SB 742-1. This includes
information relative to establishing surface danger zone data required
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for the safe firing of the weapons, nunitions, and expl osive devices
involved in these tests. Surface danger zone di agranms (safety fans)
i ndi cating specific danger areas are based on the | atest available
informati on. The danger areas established are m ni mum requirenents
and are adequate only when enployed with properly functioning safety
equi prrent and/ or devi ces which are operated by thoroughly trained and
certified personnel. Local SOPs and/or regul ations designed to
mnimze the potential for personal injury and property damage shal
be established to supplenent this regulation. These procedures
shoul d prescribe or refer to additional precautions contained in
applicable TMs and FMs for the particul ar weapon, nunition,

expl osi ve device and classes of fire being conducted.

(2) The commanders of all installations and activities
performng function and trace of small arnms ammunition wll
establish a test range safety programas an addendumto the
installation safety program This programwi |l include consideration
of the followi ng: naintenance and policing of ranges; selection of
qualified test personnel; preparation of detail ed maps; notification
of firing; stationing of anmbul ances, range personnel; wearing of
hearing protection devices per AR 40-5; taking suitable precautions to
prevent unauthorized trespass or presence on ranges; and other duties
and activities associated with the safe operation of ranges. In
addition, the range safety planning for the firing of any ammunition
or explosives nust include the available terrain, purpose of the
firing, atmospheric conditions, and the adequacy and accuracy of
safety equi pnent required to ensure that the ammunition and expl osi ves
or debris resulting therefromw |l not violate the boundaries of the
surface danger zone.

(3) Suitable precautions will be taken to assure that al
unaut hori zed persons are excluded fromthe surface danger zone as
set forth in this regulation prior to firing. Livestock wll
al so be excluded unless an agreenent in witing has been conpl eted
with the owner or owners thereof. After firing is conpleted,
precautions will be taken to prevent entry into the inpact area by al
unaut hori zed personnel until a thorough search of the inpact area has
been made and any unexpl oded or contaminated itens found are destroyed
by personnel certified per AMC-R 350-4.

(4) Range guards properly instructed concerning their
duties and/or appropriate barriers with signs will be posted to
cover all normal approaches to the danger area.

(5) Ranges will be located so that firing activities will
not be nearer than inhabited building distance to anmunition storage
areas. \Wiere available |land areas are inadequate, the separation
di stance from personnel on the firing range to anmunition storage
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areas may be reduced to not |ess than public highway di stance. These
di stances may be determned by referring to the tables of quantity-

di stance published in DA PAM 385-64 and will be conmputed based on the
quantity and class of amunition in the limting nmagazi ne or storage
point within the ammunition area. The |limting nagazine or storage
point is defined as the one requiring the greater distance based on
the quantity and class of anmunition contained therein. The red flag
or flashing red lights will be displayed froma prom nent point on al
ranges and at all tines during firing. Red flashing lights will be
used during nighttinme hours. No firing will take place unless these
conditions are net. Signs warning persons of the danger from

unexpl oded or contaminated itens will be posted in the vicinity

of the firing area at all times. Al entry points into danger

areas shall be posted. Mps of the areas shall show the | ocation

of the safety control points for each area. In addition to the
war ni ng signal and signs enployed to prevent entry to the range during
firing, the boundaries of all range areas adjacent to roadways and
points of entry, or along the outside |limts or ricochet areas, wll
be placarded with permanent signs, at 200 nmeter intervals or |ess,

whi ch enphasi ze the danger connected with the range area and the
handl i ng of unexpl oded amrunition. The signs will prohibit
trespassing on the ranges or the renoval of itens under penalties
provi ded by | aw.

b. Small arns tracer test.

(1) Firing small arns and machi ne guns against |and targets
will conmply with the follow ng instructions:

(a) Figure 22-4 describes the surface danger zone that will
be applied when firing froma single firing position on a single |line-
of -fire.

(b) The inpact area is established by projecting an angle
corresponding to 5 degrees in deflection on both sides of the |line-of-
fire.

(c) The described ricochet area is an angle in deflection of
5 degrees beyond both sides of the inpact area. This area will
provi de adequate distances to contain ricochets under soft, dry, |oany
soil conditions. Soil conditions containing rocks and firing on hard
targets will require | arger distances.
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(d) Area Ais the area (secondary danger area) which parallels the
i npact area laterally and is provided to contain fragnents fromitens

expl oding, or ricocheting on the right or
di nensi on, see table 22-3.

| eft edge of the inpact area. For

Area A may be onmitted for nonexpl odi ng amuniti on.

Dimensions of Areas and Range (Meters)
Caliber A Maximum Range

Cal. .22 Long Rifle 100 1400
5.56MM Ball, M193 100 3100
7.62MM Rifle and MG Ball, M80 100 4100
Kﬁig/lM Rifle and MG Match, 100 4800
Cal. .30 Rifle and MG Ball, M2 100 3100
9MM 100 1700
Cal. .30 Carbine 100 2300
Cal. .45 Open Range (nho
backstop):

Pistol 100 1300

Submachinegun 100 1400
Cal. .50 Machinegun, Ball, M33 100 6500
Cal. .50 Machinegun, AP, M2 100 6100
S, 12 A S &
S 12 O
Cal. .38 Revolver, Ball, M41 100 1600
Cal. .38 Revolver, Ball, PGU-1218 100 1900

Table 22-3. Small Arns

and Machi neguns

(e) Table 22-4 shows the thickness of various materials

required for positive pr
mat eri al thickness wll
burst firing.

ot ecti on agai nst

i ndi vidual bullet inpact. The

not provide positive protection against continued
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Thickness in Inches
Nature of Cover 5.56MM 7'62M'\g0& Cal. Cal. .50

Concrete (500 psi) 5 7 12
Broken Stone 14 20 30
Dry Sand 16 24 32
Wet Sand 25 36 48
Logs, Wired Together (Oak) 28 40 56
Earth, Pakced or Tamped 32 48 60
Earth, Undisturbed, Compact 35 52 66
Earth, Freshly Turned 38 56 72
Plastic Clay 44 65 100
Table 22-4. Thickness of Material for Positive Protection Against Caliber of Ammunition Listed

(2) Figure 22-5 describes a typical snall arnms trace test
range and may be used as a guide in the location of supporting facilities.

c. Ammunition function test. Figure 22-6 depicts the |ayout
of a typical function test range. Distances used will be per those prescribed
in the manual for ammunition peculiar equi pment being used and the technica
manual for the specific itemto be tested.
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CHAPTER 23
MANUFACTURI NG AND PROCESSI NG PYROTECHNI CS

23-1. Ceneral. The safety precautions for manufacturing and
processi ng pyrotechnics parallel those of many types of explosives and
ot her energetic materials. Pyrotechnics, as a group, display many
different characteristics because they are formulated for different
pur poses. Pyrotechnics can be divided into several general categories
including: Initiators (igniters), illum nants, snokes, gas
generators, sound generators, heat producers, and timng conpositions.
Each of these categories has its own characteristics and attendant
processing requirenents. Know edge of these characteristics is
necessary to assure safety in processing. The range of
characteristics associated with pyrotechnics includes conpositions
that are easily initiated, including conpositions that burn in seconds
at tenperatures exceeding 2760 degrees Cel sius (5000 degrees
Fahrenheit) through conpositions that require substantial energy for
initiation and have relatively | ow output tenmperatures. As exanpl es,
the auto-ignition tenperature for smoke conpositions is typically
about 180 degrees Celsius while for illumnants it is about 500
degrees Celsius; illumnants burn approximately 2.7 tines faster than
snokes and the heat of reactionis 1.5 tinmes as great; Infrared (IR
flare conpositions are both hotter and faster burning than
illumnants. Many of the conpositions in the igniter or initiator
class are as sensitive to static electricity, friction, or inmpact as
are initiating explosives such as | ead azide and | ead styphnate.
Initiation thresholds to such stimuli as inpact, friction, and

el ectrostatic discharge nust be known for safety in specific
processes. The response of the material in terns of energy rel ease,
must be considered in assuring personnel safety. |In addition to the
safety precautions generally required for the handling of explosives
and other energetic materials, the foll owi ng paragraphs provide

speci fic guidance pertinent to pyrotechnic operations.

23-2. Machinery, Equipnent, and Facilities. Except as provided

for specifically in this chapter, the design, |layout, and operation of
facilities and equi pment will be per the mandatory provisions
contained in other chapters of this manual for the processing of

expl osives and other energetic materials. Were specific guidance is
not provi ded, operations should be governed by the results of hazard
anal yses performed and docunented to address specific operations. As
the magjority of pyrotechnic compositions are sensitive to initiation
by static electricity, bonding and groundi ng together w th other neans
of static elimnation and control is considered to be of paranount

i mport ance.
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23-3. Weighing of Raw Materials. Separate weight or neasurenent
roons, cubicles or areas, (dependent upon the quantity and sensitivity
of the materials handled), will be provided--one for oxidizers and one
for conbustible materials and netallic powders. It is inportant to
assure that containers, equipnent, handtools, scale pans, etc., used
for weighing processes are not interm xed between the wei ghing or
measur enent of oxidizers and fuels, particularly where distance rather
than physical barriers are used to separate these areas. Positive
measures will be adopted to assure the conplete separation of

equi pnent and tools for these purposes. Personnel weighing or
handl i ng exposed oxi di zers or fuels shall wear flanme retardant

uni forms, cotton undergarnents, cotton socks, and conductive shoes as
a m ni mum

23-4. Drying of Materials. The mninmumtenperature necessary to
meet processing requirenents will be used to dry conponents and
pyrotechnic material s.

23-5. Mxing and Blending. a. Mxing and bl ending of pyrotechnic
compositions is an area of serious concern as the majority of injury
produci ng acci dents have occurred during the mxing or blending
process or the clean up operations that follow Due to the variety of
different conpositions classified as pyrotechnics, there is a |large
variety of mxer types, each suitable to one or nore groupi ngs of
pyrotechni ¢ conpositions. Each of these m xer designs has its own

uni que characteristics that include greater or |esser opportunities
for initiation due to friction or inpact, greater or |esser degrees of
confinement, and greater or |esser degrees of personal exposure during
the operations in which the ingredients are added to or renoved from
the mxer. Due to the variety of conposition types and
characteristics, no single m xer or blender type can be established as
the exclusively approved equi prent for pyrotechnic mxing and bl endi ng
operations. |In order to preclude undue inmpact on research and

devel opment operations small quantities of pyrotechnic conpositions in
the range of 10-21 granms nmay be exenpted from these requirenents where
full operator protection can be provided and the operation is approved
by the installati on commander.

b. Each individual mxing device nust be considered separately
with respect to the conposition to be processed. Were a history of
saf e operation has not been established, the type of m xer or bl ender
and batch size should be eval uated by appropriate hazard anal ysis or
tests. In general, every effort will be made to use devices that use
a tunbling action as opposed to those that use rotating blades, in
order to mnimze points where frictional heat may devel op or where
accidentally introduced foreign material can create hot spots through
friction or crushing of conposition. M xers and blenders will be
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provided with an adequate means of assuring pressure relief to
preclude the transition fromburning to detonation. Every effort wll
be made to minimze the personal exposures during chargi ng and
enptying of mxers. Were the energetic characteristics and
quantities of conposition involved so dictate, m xers and bl enders
will be remptely charged, operated, and enptied. 1In the instance
wher e personal safety has been denonstrated by hazard anal ysis or
tests, mixers or blenders may be manually charged or enptied with
personnel exposed to contents of the mxer or blender. Appropriate
interlocks, clutch brakes, and simlar devices will be used to

precl ude personnel exposure during m xer or blender operation, and to
preclude the novenent of mnixer or blender parts during periods when
operators are present at the mxer or blender.

c. Mxing and bl ending operations will be conducted in buildings
or cubicles designed for such purposes. Miltiple mxing or blending
operations may be conducted in the sane building provided that each
bl ender or mxer is located in a separate room bay, or cell and
separated from ot her operations by substantial dividing walls. Two or
more mxers or blenders may be | ocated in the sane cubicle provided
that the hazard to personnel or production capability is not increased
by such installation. Normally this would require that the materials
in process be of significantly | ow energy content or slow energy
rel ease and the mixers be charged and enptied sinultaneously. At
| east one wall or equival ent panel area in each bay shall be frangible
so as to provide pressure relief in the event of an incident. Cel
arrangement and pressure relief areas shall be so |ocated that
personnel are not required to, and are prohibited to pass in front of
these areas while mixers or blenders are in operation.

d. Exhaust ventilation equipnent will be installed on mixers
or in bays where flammabl e sol vents are used and interl ocked wth
the m xers. The interlock shall be designed to preclude m xer
operation w thout ventilation although operation of the ventilation
systemw thout the mxer is pernmtted. Vapor sensors should be used
to give automatic warning of a build-up of flamuable vapors to a | eve
approaching that of the |lower explosive limt or in such configuration
that an ignition of the flammabl e vapors could occur. Such sensors
shoul d be interl ocked to personnel access control devices.
Ventil ation system designs nmust not permt translation of an incident
in one bay to others served by the sane system

e. The operation of mxers or blenders may be observed by
renote neans such as closed circuit television, mrrors, or
transparent shields providing operator protection. Direct view ng of
bl ender or m xer operation without intervening barriers is prohibited.
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f. Manual scraping in the mxing or blending process is
prohi bited. Manual m xing or blending of fuels and oxidi zers
into a mxture is prohibited.

23-6. Pressing, Extruding, and Pelleting. a. Pressing operations
wi Il be conducted with personnel protected by either substanti al
dividing wall's, barricades, or operational shields or be |ocated at
intraline distance fromthe operator and other operations. Wen it is
necessary to repair, adjust, or otherwi se clear a jamon a press or
extruder, the pyrotechnic material will be renoved fromthe hopper and
the bay or press room before such repairs or adjustnents are nade.
Only those adjustnents of ram speed or conveyor speed normally

i ntended to be under the control of the operator may be conducted with
material in the bay. Under no circunstances shall repair or
adjustnent requiring the use of tools be permtted with pyrotechnic
material in the bay.

b. The quantity of conposition at the pressing |location (behind
the barricade) shall not exceed that required for the conmponents
under goi ng the pressing operation. The quantity of conposition in the
remai nder of the building at any one time shall not exceed the mninum
required for a safe, efficient operation

c. Each individual press, extruder, or |oading device shal
be located in a separate building, room or cubicle, and be designed
tolimt an incident to that area and protect operators. Miltiple
installations may be permitted within a bay or cubicle provided that
tests or hazard anal ysis denonstrate that production and personne
safety are not thereby jeopardi zed. Adequate neans of pressure relief
will be designed into each bay or cubicle.

23-7. Assenbly Operations. |ndividual assenbly operations shal

be adequately separated from each other and shall be located in a
separate cubicle or building frommxing, blending, and consolidation
operations. Pyrotechnic conposition will be kept in closed or covered
containers at all times when not actually being processed. Surge,
storage, and in-process transit between operations will also be
acconpl i shed with cl osed contai ners whenever not absolutely prohibited
by the operational configuration. The quantity of conponents in any
assenbly room bay, or building will be limted to the |east quantity
necessary for safe and efficient operations.
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23-8. Ganulation, Ginding, and Screening. a. Mterial to be
reduced in particle size will be processed over a mechanical or
magnetic separator to renove foreign materials prior to grinding
Fol I owi ng grinding, the material should again be screened and/or
passed over a magnetic separator

b. In the operation of ball mlls, hamrer mlls,
granul ators, or screeners, the operator shall be protected from
the effects of a potential incident by substantial dividing walls
or operational shields. Every effort will be nade to renptely
fill and discharge grinding, granulating, and screening
equi prent. C eaning of such devices will also be perforned so as
to provide the maxi num degree of operator protection

c. Wirking surfaces, containers, and handtools will be
appropri ately bonded and grounded.

23-9. Transportation. Transportation of pyrotechnic conposition
wi Il be acconplished in closed containers only. Individua
containers and the transport vehicle (handcart, handtruck, etc.)
shoul d be fabricated of the lightest materials conpatible with
the conposition and having the requisite strength. The intent is
to mnimze fragnent generation in the event of an incident by
virtue of light construction and/or pressure relief. Transport
vehi cl es shoul d be equi pped with "deadman" brakes when if the
terrain requires it. On- and off-loading of transport vehicles
shoul d be conducted only in weather protected areas designed for
this purpose. As necessitated by the size or shape of the
conposition containers, racks, or other support should be

provi ded to secure containers against the possibility of falling.

23-10. Rebowling. Rebow ing operations consist of the transfer

of materials fromone container to another, typically small quantities
of sensitive materials. It nmay be done to recover the renmins of

small quantities of materials, or to subdivide | arge nasses of
materials into snmaller nmasses for processing. An operational shield
will be provided to shield operators fromthe potential effects of
rebowl i ng of pyrotechnic m xes.

23-11. Machining of Pyrotechnic Material. Machining of pyrotechnic
materials will be acconplished renotely, except where specifically
permtted in this chapter

a. General requirenents
(1) Were machining with coolant is required, the cool ant

must be conpatible with the pyrotechnic conposition, and positive
automatic interlocking devices will be provided to ensure that
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the machi ne cannot be started until the coolant is flowi ng. These
control s nust al so be capabl e of stopping the machine if the flow of
coolant is interrupted. Wen it is essential to cut off the flow of
coolant in order to adjust nachine tools, positive neans nmust be used
to assure that once adjusted, the flow of coolant is restored and al
automatic control devices are in operation, before resunption of
machining. |If a cutting edge inadvertently attains an excessive
tenperature during machining, it poses the maxi num hazard when the
machine i s stopped and conti nuous contact with the pyrotechnic
material is maintained. It is, therefore, essential that coolant flow
be continued to the cutter until the cutter is renoved from contact
with the pyrotechnic nmaterial

(2) Sensors are recommended to detect tooling mal functions
or other potentially hazardous conditions. Machine tool power
consunption nonitors, tool force gages, sound or noise detectors,
and tenperature indicating devices or IR can be used in this
regard

(3) Cutting tools rmust be chemically conpatible with the
pyrotechnic material to be machi ned and be capabl e of naintaining
a sharp cutting edge throughout the nmachine cycle.

(4) Only positive control limts on tool adjustnent will
be used to ensure proper depth, dianeter, and/or contour of the
cut. Such control neasures include guides, bushings, stops, and
ot her physical alignment aids. The lineal and rotational speed
of tools for the machining of pyrotechnic material wll be
mai ntai ned at the mni num necessary for safe and efficient
operation. There should be no latitude for unintended operator
adj ustnent of these features.

(5) Drilling operations nust not inpede the flow of chips
and coolant in the bore. The drilling of small holes
(one-quarter inch or less) and any size of nmultiple drilling

operation will be perfornmed by renpote control, with operator
protection provided, unless docunmented hazard anal ysis or tests
demonstrate that operators will not be subjected to hazard by
such operati ons.

(6) Contoured cutting tools nust be completely free of
contact with the pyrotechnic material being machi ned before
personnel are permtted to enter the machining area. Machine
tool s should be cl eaned as often as necessary during operating
hours to prevent an accumul ati on of material residues and will be
t horoughly cl eaned fromthe machi ne operation by vacuum
accunul ator systens or by imrersion in a streamof |iquid cool ant
or simlar automatic nmeans. Wen using conpressed air as a
cool ant, only |ow pressure (10 psig) may be used, and then only
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when a vacuum col | ection systemis used to reduce the scattering
of pyrotechnic particles. The coolant delivery tube shall have a
metallic tip or nozzle that is grounded to the machine to assi st
in the elimnation of static charges.

b. Specific guidance for machining.

(1) Drilling and facing operations for col ored snoke
composi tions containing organi c dyes, potassium chlorates, and
sugars shoul d be conducted at not nore than 2475 lineal inches
per mnute, with the feed rate adjusted to enhance the nmachinability
of the conposition. For red phosphorous conpositions, drilling and
facing operations should be conducted at not nore than 1100 |inea
inches per mnute with the feed adjusted to mnimze friction and heat
buil d-up. For extruded candl es conmposed of nmagnesi um
tetrafl uoroethyl ene polyners, and fluoroel astoner binders, drilling
and nmachi ni ng operations shall be conducted at not nore than 530
I'ineal inches per mnute.

(2) Hand trimming and cutting of pyrotechnic candl es may
be permitted when supported by results of a hazard anal ysis
specific to the particular conposition and candl e configuration

(3) Particular attention nmust be given to the sawi ng operations
to prevent the work from plunging into the saw bl ade and to ensure
that chips are removed fromsaw teeth prior to their next cutting
pass. Plunging can occur when thin sections are force fed into
coarse-pitch saw bl ades. To prevent this, either a mninumof tw saw
teeth nust remain in contact with the work while sawi ng, or the work-
feed nmust be positively controlled. Chip accurulation ion saw teeth
is a function of the material being sawed, rate of feed, blade speed,
tooth design, and flushing arrangenent. Additional chip renoval
equi prrent such as bl ade wi pi ng brushes may be required.

23-12. Spill Control. Spills of pyrotechnic conposition and
energetic ingredient are potentially hazardous. |In the event of

an accidental spill the responsible supervisor should be notified
prior to taking any action to clean or contain the spill. SOP for
pyrotechni c operations will include specific provisions for spil

cl ean-up. Such provisions nmay be incorporated into the various
operations covered by the SOP or may be addressed as a separate
procedure. The procedures should detail what actions are to be taken
by whom and in what order. The recovery of the spilled naterial and
decont am nati on of the area must al so be addressed in the procedures.
Spills having potential environmental inmpact should also be reported
to the environmental coordinator. Spill clean-up procedures should
al so consi der environnmental inpacts.

23-13. Collection of Pyrotechnic Wastes. a. Waste material and
scraps will be renpved at regular intervals fromall operating
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areas. Al waste material will be segregated by type and
compatibility, and kept separate from common wastes. Containers
for these materials shall be distinguished by col or and | abel ed.
Filled containers should be placed at designated collection
poi nt s.

b. Care will be exercised to preclude the m xing of snall
quantities of water with powdered or fine granul ations of netals.
Pyrotechnic waste may be maintained dry or subrmerged in water or
oil, whichever is appropriate, for disposal. Plastic liners are
recomended for waste containers to facilitate cleaning. Liners
shal | be conductive when the material contained is subject to
initiation by static electrical discharge.

23-14. deaning of Pyrotechnic Processing Equipnment. a. As
pyrotechnic materials are typically sensitive to friction, inpact,

and/ or static discharge, cleaning of equipnent offers the sane hazard
potentials as processing. Due to the necessity of personnel proximty
to the equi prent being cl eaned, the hazards of cleaning may exceed
those of processing. Therefore, cleaning operations will be afforded
the sane prepl anning and SOP coverage as the production steps.

b. Solvent solution flushing and cl eaning by renote contro
is required for slurry-type nmixing operations. For other application
the process equiprment will be flushed with a conpatible sol vent,
drai ned, and process repeated as often as necessary to renove the
maxi mum quantity of pyrotechnic composition. Hi gh pressure water wash
may be used where conpatible with the pyrotechnic conposition. Were
the solvents used represent either a fire or toxicological threat,
appropriate precautions will be taken to control the hazard. Run-off
from cl eani ng operations will be controlled to preclude the creation
of a secondary hazard fromthe spread of contani nation

c. \Were renote cleaning cannot be used, personnel protective
equi prent will be designed and proven by test to afford operator
protection fromthe nmaxi mum quantity of material that could be
present, and its use will be required.

23-15. Personal Protective Equipnent. a. Personal protective

equi pnent shall not be relied upon as the primary neans of operator
protection. The prinmary neans shoul d be placed upon the reduction of
quantities to the mninum and the use of operational shields.

Suppl emrent al operator protection nay be afforded by high speed del uge
systens designed and installed for such purposes. The persona
protective apparel prescribed in an SOP will be specifically

desi gnat ed based upon the hazards associated with the operation
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b. The mi ni mum personal protective apparel for personnel exposed
to open containers of pyrotechnic or energetic raw materials wll
consi st of the foll ow ng:

(1) Cotton undergarnents and socks. (100%cotton is not
requi red, however, high cotton content is desired).

(2) Conductive-sol ed safety shoes.

(3) Flame retardant coveralls. (Only those flane retardant, or
flanme retardant-treated fabrics which have high noisture regain, and
that carbonize with mininmal shrinkage when exposed to fire will be
used. Flane retardant-treated cotton neets this requirenent, and its
hi gh noi sture regain assists in reducing the potential for static
el ectrical charge retention.)

(4) Hair coverings are reconmended.

c. In addition to the itens listed above, all enpl oyees exposed
to hazardous quantities (as determ ned by hazard anal ysis or tests) of
pyrotechni c conpositions will wear the additional itenms describe
bel ow. The definition of hazardous quantities will be dependent upon
the energy output and sensitivity of the conposition and the nature of
the operation. The intent is to assure that personnel are afforded
realistic protection fromthe hazards of the operations. Required
| evel s of protective apparel will be specified in appropriate SOP
st eps.

(1) Thermally protective suit with hood and face plate.
(2) Thermally protective trousers.
(3) Thermally protective gloves or equal

(4) Respiratory protection as necessary to protect against
toxic threats. Such protection nust be conpatible with other
protective apparel

23-16 Additional Controls. a. Many materials used in the production
of pyrotechnics are either toxic or represent fire hazards or both.
Qperations will be designed to provide protection fromthese threats.
Vapor and dust renmpval and coll ection systens nust be provided where
toxic or flammbl e dusts or gases are generated. Design and
installation of such equi prent nmust rneet rel evant environnental
standards as well as safety requirenents.

b. Blankets may be provided in closed but easily opened
containers within 25 feet of operations where they may be required for
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wr appi ng enmpl oyees who have been burned. Where bl ankets are not
provi ded, alternate neans of achieving the same effect should be
provi ded.

c. Wen required, conductive shoes will be checked for
conductivity daily prior to the beginning of work and a per manent
| og shoul d be nmaintained of the testing.

23-17. Reworking Pyrotechnic Conponents. a. All repair, reassenbly,
or simlar operations on | oaded pyrotechnic conpositions will be
acconplished in a separate bay used only for that purpose.

b. Normally, consolidated or extruded pyrotechnic comnpositions
will not be pulverized for rebl ending operations. Such itenms should
be destroyed. Sone conpositions, such as HC snoke, may be used.

O her, nore sensitive materials such as IR flare conpositions nay not.

23-18. Fire Protection. Were conpatible with process materials,

del uge systens may be used for the protection of mixing and bl endi ng
operations, screening, granulation, drying, and pressing of extrusion
operations. The response time of the deluge system should be sel ected
to mnimze the damage and facilities. Hazard analysis of the
operation nmay dictate other applications.

23-10



AMC- R 385-100

CHAPTER 24

MANUFACTURE OF CASTABLE COWPOSI TE PROPELLANT ROCKET MOTORS

24-1. Introduction. This chapter prescribes safety requirenments that
are intended to reduce the probability of injury or property damage
during the manufacture and | oading into rocket nmotors of castable
composite propellants. For the purpose of this chapter, conposite
propel lants are those which consist of a mxture of fuels, binders,
and oxidizers with or without other ingredients. This also applies to
colloid propellants when they are used as ingredients in conposite
propel | ant conpositions.

24-2. Qperational Shields. The design of operational shields be
consistent with the provisions of DA PAM 385-64, and take into account
the quantity of propellant involved, confinenment that nmay be present,
and the potential initiation hazard involved. |In addition to the
hazards outlined in chapter 14, the foll owi ng hazards nmay be
encountered in the processing of conposite propellants:

a. Propellant detonation

b. Unconfined propellant fires.

c. Pressure vessel failure with fragmentation

d. Pressure vessel failure w thout fragnentation

24-3. Facility Layout. a. Batch mxing and associ ated operations
shal |l be performed in buildings used exclusively for that purpose.
Smal | mixers (U 50 gallon capacity) may be located in buildings
contai ni ng other operations, provided the mxer is in a separate bay
with operational shields that protect all other operations and

unrel ated personnel fromthe m xi ng operation

b. In planning the location of new facilities that are intended
initially for 1.3 materials, due consideration should be given to the
possibility that 1.1 expl osives may be processed in future operations.

24-4. Explosive Hazard Cassification of In-Process Materials.

a. Prior to propellant manufacture, efforts shall be nade to
determ ne the hazard classification of the individual raw materials,
the uncured propellant, and the cured propellant. This effort
consists of classifying the materials by anal ogy or previous test
data, or by conducting appropriate tests, such as those specified in
TB 700-2 for propellant characterization. However, caution must be
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Organic oxidizer preparation (including screening and grinding) 1.1
Inorganic oxidizer preparation (including screening and grinding) 1.3
Pre-mix preparation 1.1
Propellant mixing 1.1
Propellant casting 1.3*
Propellant curing 1.3
Propellant finishing 1.3
Rocket motors during finishing 1.3
Finished motors in assembly areas 1.3
ggﬂ]stpnegd, ?féﬁ&%iﬂgfi% C’femperature conditioning, physical measurements, 13
Rocket motors in static test stands 1.1

* Casting operations involving propellants containing more than 88% solid constituents and/or
composed of particles less than 15 microns in diameter are assigned an explosive hazard
classification of 1.1.

Table 24-1. Hazard Cassifications for Operations |Involving Hazard Cass 1.3
Propel |l ants

c. |If testing reveals that only the uncured propellant is detonabl e,
casting and curing operations nust be considered 1.1 explosive hazards. |[f
testing reveals that only the cured propellant is detonable, curing and
subsequent operations nust be considered 1.1 expl osive hazards.

24-5, Oxidizer Processing. a. Ceneral.

(1) Al oxidizer process equi pnent shall be bonded and grounded.
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(2) Screening, blending, grinding and nmechani zed drying
operations shall be conducted renotely for organic oxidizers, and
shoul d be conducted renotely for inorganic oxidizers.

(3) Since oxidizing materials are corrosive to many of the
metal s used in process equi pnent, preventative maintenance schedul es
shall be followed closely.

(4) Many organic lubricants are inconpatible with strong
oxidizing materials and may form sensitive or expl osive conpounds
when allowed to m x. Oxidizer preparation operations shall be
designed to avoi d i nadvertent contanination of the oxidizer with
organi c | ubricants.

(5) The use of wood or other porous materials in the
construction of an oxidizer facility shall be mnimzed, and if use is
unavoi dabl e, such materials shall be coated with inpervious fire
retardant paint. Copper alloys can form sensitive conmpounds when
exposed to oxidi zers such as anmoni um perchl orate, and shoul d not be
used in oxidizer processing facilities.

(6) Flexible connections (socks) in pipes and duct systens
t hrough whi ch oxidi zers are conveyed shall be fabricated of fire-
retardant materials that are chemically conpatible with the oxidizers.
The pipes or duct systems shall be made electrically continuous.
Fl anged connections shall be used in lieu of threaded joints wherever
practi cabl e.

(7) njects such as jewelry or pens that nmay be accidentally
i ntroduced into grinders should not be permitted into oxidizer
preparation facilities. Al tools should be accounted for by the use
of tool checklists or shadow boards.

b. Drying operations.

(1) The maxi mum safe tenperature for drying each type of
oxi di zer shall be established and shall not be exceeded at any point
in the drying operation

(2) If the dryer is capable of exceeding the maxi num safe
tenmperature of the oxidizer being dried, dual thernostatic controls
shal | be used to prevent overheating.

c. Screening operations.
(1) Screening equi pnent shall be constructed to preventthe
oxi di zer from bei ng subjected to pinching, friction, or inmpact as a

result of metal-to-netal contact. Systems should be designed for
continuous renoval particles less than 15 microns, if practical
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(2) Rooms in which screening operations are conducted shall be
cl eaned as necessary to prevent hazardous accumul ati ons of dust.

d. Ginding operations.

(1) Inpact-type nills shall not be used to grind organic
xi di zers.

(2) Oxidizers shall be passed through a screen and a nagnetic
separator immediately prior to entering a grinder or pulverizer in
order to assure renoval of extraneous nmaterial. Screen openings
shoul d be the smallest that pernit free flow of the oxidizer

24-6. Preparation of Fuel Conpositions. a. Equipnent design and
handl i ng nmet hods shall m nimze formation and accumnul ati on of dust.

b. Conpatibility of materials shall be established and controls
incorporated to preclude the mxing of materials at atine or in a
manner that would result in sensitive conpositions.

c. Due to the susceptibility of metal powers to ignition from
el ectrostatic discharge, all dunping, screening, weighing, and
handl i ng equi pnent shoul d be bonded and grounded. Assure the
continuity to ground for spatulas, scoops and other tools used to
dunp, neasure, or stir metal powders.

d. Positive measures shall be taken to exclude noisture from
met al powder operations. Waste nmetal powders should be i nmersed
in a conpatible nonreactive liquid until disposed.

e. The introduction of an inert gases into process equi prment
in order to reduce oxygen content should be considered as a neans
to prevent dust expl osions.

f. ojects such as jewelry or pens that nmay be accidentally
i ntroduced into mixers should not be permitted into fuel preparation
facilities. Al tools should be accounted for by the use of too
checklists or shadow boards.

24-7. Mxing of Fuel Conpositions and Oxidizers. a. Facilities
and equi pnent.

(1) Mxer facilities shall be provided to provide the
maxi mum vent space consistent with the structural integrity of
the facility. The use of wood or other porous materials in the
construction of an mxing facility shall be mninzed, and if use
i s unavoi dabl e, such materials shall be coated wth inmpervious
fire retardant paint.
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(2) Quick-acting detection and delivery del uge systens
should be installed in the facilities to cover points of operation
These systens should be interlocked with the m xer control circuits to
prevent m xer operation when deluge systemis inoperative.

(3) Propellant mix bow s shall be provided with Iightweight
covers to prevent materials fromdropping into the nixer. The cover
design shall allow adequate venting in the event of an ignition in the
m xer.

(4) The gear housing of vertical mxers shall be seal ed or
purged with an inert gas during mxing operations to prevent
contami nation by dust fromthe m xing bow .

(5) Blades and other nmoving parts of mxers shall be
nondestructively tested for cracks, crevices and other inperfections
prior to first use, and continued inspections shall be made on a
regul ar basis.

(6) Nuts, bolts, and other hardware on m xers, nonor ai
systens, or in other locations that could | oosen and fall into a
m xer shall be effectively secured.

b. M xing operations.

(1) Al mterials introduced into the nmixer during nixing
operation shall be done so renptely. The m xing cycles shall be
conpletely renote controll ed

(2) Al materials shall be screened prior to entering the
m xer. \Where the physical characteristics of the nateri al
precl ude screening, other methods such as magnetic separators or
nondestructive testing should be enpl oyed to segregate foreign
mat eri al and preclude their entry into the m xer

(3) Oxidizers shall be introduced into mxers after the
fuel - bi nder conpositions to mininize the probability of the
m xt ure undergoing a deflagration to detonation transition if an
ignition occurs during m xing.

(4) dearances between bl ades and m xer bowl s shall be
establ i shed as the maxi mum cl earance consistent with quality and
process requirenents, and should provide for deflection of shafts
and wear in journal and bearing areas. Blade clearance shall be
checked at sufficient intervals to assure adequate cl earances.
The openings in screens shall always be snmaller than the blade to
bow cl earances.
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(5) Frequent inspections and changi ng of the packing gl and
mat eri al shall be acconplished to preclude a build-up of oxidizer
and fuel in the packing gland area. Packing materials and | ubricants
shal | be conpatible the oxidizer, fuel and propellant. Tenperatures
in the propellant mass shall be nonitored to detect significant
tenperature rises due to wear or exotherm c reactions.

(6) Vertical mxer bow s used as casting cans or transport
hoppers shall be nondestructively tested at frequent intervals to
det ect possi bl e danmage of wel dnents between the bow and bow
jacket. Blade to bow neasurenents shall be nmade and conpared to
previous values to determine if warping has resulted from
handl i ng.

(7) Spilling or splashing of propellant during discharge of
m xers shall be avoided. Qperators shall be so positioned during
di scharge operations that direct, unblocked routes of rapid exit will
exi st for emergency use.

24-8. Casting Conposite Propellants. a. GCeneral. The three nost
common met hods of casting are bayonet casting, in which the propell ant
is introduced into the top of the notor through hoses; bottom casting,
in which the propellant is forced by pressure up through an opening in
the bottom of the rocket case; and vacuum casting, in which the
propellant is passed through a slit plate into a rocket notor case
enclosed in a vacuumbell. H gh strength cases are al so used as
vacuum bel | s.

b. Casting facilities. Casting facilities should be constructed
of lightweight materials and shall be designed to provide the naxi num
vent area consistent with the structural integrity of the facility.
They shall be designed so that operating personnel have unbl ocked
escape routes at all times. Escape chutes to the outside should be
provi ded from work
pl at f or ns.

c. Casting equipnrent.

(1) Al casting vessel assenblies shall be designed to preclude
internal cracks, crevices, corners, pockets, and any interna
configurations which could subject propellant to initiation from
i npact, friction, or conpression.

(2) Lids shall be secured to pressurized casting vessels
in a manner which will withstand the rated pressures of the
vessel s. Frequent tests and inspections shall be nade to assure
that the clanp or assenbly device is functioning properly.
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(3) Pressurized casting vessels shall be capabl e of
wi t hstandi ng at | east twi ce the nmaxi mum al | owabl e worki ng pressure to
which it can be subjected. Hydrostatic tests (at 1° times the working
pressure) should be conducted after any alteration, abuse,
m shandl i ng, or dropping. A log of test results should be naintained
for each vessel

(4) A blowout disk, designed to bl owout at 120 percent of
the vessel's maxi mum al | owabl e wor ki ng pressure, shall be provided.

(5) The internal wel ded seans shall be inspected frequently by
approved net hods of weld exam nation

(6) Casting vessel support fixtures, such as |egs, shal
be attached in such a manner that routine handling will not cause
damage to the casting vessel internal surface. They shall be
proof tested initially at 111 percent of the total weight to be
supported and periodic tests and i nspections conducted thereafter

(7) Vibration equipnent attachments shall be designed to
prevent frictional heat generation on the vessel structure which
contai ns propellant.

(8) Threaded connections shall not be permitted in piping,
val ve connection, or any part of the casting vessel charging or
di schargi ng system Casting piping and nanifold systens shal
not be joined with threaded connections. They should be pressure
tested at 1° times the maxi num casting pressures. Methods of
attachnent for casting piping and manifold joints shall provide
positive fastening to elinmnate failure of mating parts when
pressuri zed.

(9) Valves through which uncured propellant flows shall be
desi gned to prevent conpression of propellant between two netal
surfaces (e.g., rubber diaphragmtype valves). These valves should be
cl eaned and inspected after each casting operation. A positive system
to prevent propellant flow shall be incorporated into the casting
systemto stop the flowin the event of prinmary valve failure. Valve
attachnents to a nonpressurized casting vessel shall be equipped with
flanged mating surfaces and secured by positive nmethods. The use of
"quick release" type fittings shall not be permtted.

(10) Vacuum casting bells shall be designed to withstand
the conditions under which casting is acconplished.

(11) Deaeration assenblies shall be designed to prevent

pi nching or inpacting propellant and for ease of assenbly and
di sassenbl y.
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d. Casting operations.

(1) Pressurization of casting vessels shall be perforned
renotely. Pressure at the casting vessel shall not exceed the working

pressure of the vessel. Filters shall be installed in air lines to
renove water and oil. Use of safety links is recommended for
pressurized casting vessels to restrain the casting vessel lid in the

event the attachment device fails when pressurized.

(2) Casting vessel handling nethod and equi pnent shall be
desi gned and operated per approved standards. The vessels shall be
restrained to prevent novenent should a rupture of the relief valve
occur .

(3) Mechanical insertion and renoval of cores in motors
containing cured propellant shall be acconplished renotely or by
personnel protected by adequate shields or barricades. Wen cores are
to be inserted nmechanically, the equi prment should be designed to
prevent netal -to-netal contact between the core and notor case bel ow
the propellant surface.

(4) Loaded notor cases or casting nolds shall be secured
during casting and handled in a nanner which will prevent overturning
or spillage of propellant. For large notors, casting cores shall be
secured to prevent movement when | oaded notors are transported in any
nmanner .

24-9. Propellant Curing. a. Curing facilities and equi prment.

(1) Curing facilities shall be constructed of I|ightweight
mat eri al s and shoul d be designed to provide the nmaxi mumvent area
consistent with the structural integrity of the facility.

(2) The safe tenperature for curing the propellant shall be
establ i shed and dual heat controls shall be used to prevent that
temperature from bei ng exceeded.

(3) Heating units or elenents shall be designed to eliminate
any direct contact between the heating unit or elenent and the
propel l ant or rocket notor.

(4) Mold supports and other casting and curing fixtures shal
be designed to avoid rubbing or pinching of thin layers of propellant
bet ween metal surfaces.

(5) Means of pressure relief shall be provided on closed
pressuri zed vessels into which notors are placed for curing.
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b. Curing operations

(1) Loaded notor cases or casting nolds shall be handl ed
or secured so that overturning will be prevented.

(2) Loaded or partially |oaded rocket notors shall be raised or
suspended at mini num di stances above floor level. |If tests or
experience indicate that rocket notors may ignite upon dropping,
protective nmeasures shall be enployed to minimze the possibility of
such ignition.

(3) Core popping (initial release or separation of case
from propellant) shall be done renotely or froma shielded | ocation
When the core has been "rel eased,"” final extraction of the core may be
acconpl i shed manual ly. When cores are not designed with a taper
(small er dinmension at forward end), extraction of the core fromthe
nmotor cavity shall be done renotely or froma shielded position

24-10. Motor Finishing and Assenbly. a. Securing nmotors. Rocket
mot ors and pressure vessel s containing cured propellant shall be
secured in fixtures capable of withstanding the rated thrust of the
assenbly (based upon its perfornmance as a rocket notor with a safety
factor of 2.5 to offset shock | oads) for operations involving the
possibility of propellant ignition

b. Threads.

(1) Were the design of a notor case incorporates interna
t hreads, neans shall be provided for preventing contam nation of
the threads with propellant.

(2) \Wenever possible, the design of casting and curing
assenblies and fixtures shall exclude internal threads, cracks,
and crevices where propellant nay be deposited.

(3) Al threads shall be cleaned and inspected prior to
assenbly of conponent parts.

(4) Assenbly of threaded conponents shall be acconplished by
renote control with personnel protected by adequate shielding if a
possibility of propellant contam nation exists.

c. Mandrel renoval. Operations involving nandrel renoval shal
be conducted renotely.

d. Machi ning non-case-bonded propellant grains. Propellant

grains that are not case-bonded shoul d be machined to the extent
necessary prior to loading into nmotors.
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e. lgniter insertion

(1) The follow ng requirements apply where the design of a
nmotor rmakes it necessary to insert the igniter within the
manuf acturing |ine:

(a) The supply of igniters at the insertion station shall be
the m ni num consistent with safe and efficient operation.

(b) If renoval of the shorting clip is required by the
process, the igniter shall remain shorted until inmediately prior
to insertion.

(c) Process storage facilities for igniters shall be vented
to the atnmosphere and designed to withstand the effects of an incident
involving all igniters wthin.

(2) Electrical continuity tests for igniters installed in
motors shall be perfornmed renotely from ot her operations.

24-11. Environnent and General Practice. a. Tool design

(1) Where propellant may cone into contact wth equi pnent
during processing, all netal-to-netal surfaces shall be avoi ded.
There shall be no threads, cracks, crevices, or blind holes in
metal parts that may contact the propellant during casting or
finishing operations. Teflon-coating nmetal surfaces such as nolds and
mandrels will generally prevent the propellant from adhering.

(2) Recommended nmaterials for handtools include the foll ow ng:
al umi num oil-resistant Neoprene, berylliumcopper alloy, ANSI 300
stainless steel, and tenmpered steel (for cutting tools such as X-acto
knives). Steel cutting tools shall not be allowed to cut through the
propellant to the nmetal. For exanple, during snmall sanple cutting,
the cutting board should be covered with a Tefl on sheet.

(3) Tool design or selection shall incorporate safety
consi derations such as tool speed control, use of nonsparking netals
in contact with or close proximty to the propellant, provision of
limt switches to prevent over-rangi ng of tool and possible netal-to-
metal contact, explosion proofing of machinery, use of effective
cool ant where necessary, effective dust and chip renoval, ease of
cl eaning, and provision for adequate grounding. The del uge system
shal | provide for the quenching water to be directed at the area where
the cutting or machining is occurring, since it is the likely point
for ignition to occur.
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b. Mnual operations.

(1) Manual operations shall only be all owed when the propellant
is well characterized and it is not feasible to conduct the operation
renotely.

(2) Safety goggles shall be worn, and additional shielding
shal | be provided where feasible. Wenever possible, the operator
shal |l not face the hazardous source directly. Fire-retardant clothing
shal | be worn, avoiding any type of encunbrances. Protective gl oves
shal | be used when they do not hinder the manual operation

(3) Tooling should be designed so that cutting pressure can be
applied to the tool with only one hand. For certain operations, it
may be necessary to use the other hand to assist in guiding the too
to regulate the depth of cut, prevent pinching of the propellant, or
avoi d netal -to-metal contact.

(4) Such tools as specifically designed cutters can be used for
manual trimmng, although final trimm ng may be nore safely done by
hand when the operation is closer to nmetal walls.

(5) Parts shall never be forced to fit, as this may indicate
that propellant has worked in between mating parts. During operations
whi ch pose a threat of propellant contamination to threads and bolt
hol es, they should be protected by such nmeasures as covering wth
maski ng t ape.

(6) For highly hazardous manual operations such as hand
trinmmng of notors, a second, qualified individual shall be present or
avai l abl e in the event of an accident. The second individual can also
be used to verify the adequacy or conpletion of critical operationa
pr ocedures.

c. Renotely controlled operations.

(1) For extrenely hazardous propellants and/or configurations
of motors, renotely controll ed operations using power-driven equi pnent
shal | be required

(2) Automated warning systens and television nonitors shall be
used to nonitor potential trouble spots. Direct |ine-of-sight
vi ewi ng, unl ess appropriately shielded, shall not be allowed. The
sound of the operation should also be nobnitored to catch unusua
sounds that could indicate potential problens.

(3) Adequate safety precautions such as barricades, flashing

lights, chains, or interlocks shall be used to prevent operators from
entering roons during equi pnent operations.
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The proponent of this regulation is the United

States Arny Materiel Command. Users are invited to
send conments and suggested i nprovenents on DA Form
2028 (Reconmmended Changes to Publications and Bl ank
Forms) to the Commander, HQ AMC, ATTN.  AMCSF- X,
5001 Ei senhower Avenue, Al exandria, VA 22333-0001.

FOR THE COVIVANDER:

OFFI CI AL: BILLY K. SOLOVON
Maj or General , USA
Chi ef of Staff

LEROY TI LLERY
Chief, Printing and Publications
Branch

DI STRI BUTI ON:

Initial Distr H (47) 1 ea HQ Acty/Staff Oc
LEAD (SDSLE-DA) (2)

AMCI O | - SP st ockroom (150)

AMCAM LG (30)

SPECI AL:

Department of Defense Expl osives Safety Board (4)
HQ 1 OC/ AMBI O- | ML (4)
ARL/ AMSRL- Cl - TG (4)
ATCOM AMSAT- B- DDI SC (4)
CECOM AMSEL- 1 M BM | (4)
CBDCOM AMSCB- CI R (4)
LOGSA/ AMXLS- 1 M (4)

M COM AMSM - RA- SO (4)
USASAC/ AMBAC- | M O (4)
STRI COM AMSPI - CS (4)
TACOM AMSTA- DRM ( 4)
TECOM AMSTE- CT- N (4)

AMC Eur ope (4)

AMC Far East (4)

AMC Field Assistance in Science and Technol ogy (4)
AMC I nstallations and Services Activity (4)

Arnmy Managenent Engi neering Coll ege (4)
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Executive Director for Conventional Ammunition (4)

Intelligence and Technol ogy Security Activity (4)

I nternational Cooperative ProgramActivity (4)

PM Nucl ear Munitions (4)

USA Defense Anmunition Center and School (4)

USA I ndustrial Engineering Activity (4)

USA JCAL Functional Requirements Managenent Activity (4)

USA Materiel Command | nspector General Activity (4)

USA Materiel Command Logistics Support Activity (4)

USA Materiel Command Managenent Engi neering Activity (4)

USA Materiel Command Surety Field Activity (4)

USA Materiel Systens Analysis Activity (4)

USA Research, Devel opment & Standardization G oup, Australia (4)

USA Research, Devel opnent & Standardi zati on G oup, Canada (4)

USA Research, Devel opnent & Standardi zati on G oup, CGermany (4)

USA Research, Devel opnent & Standardi zati on Group, United Ki ngdom
(4)

USA Research O fice (4)

USA Sci ence and Technol ogy Center, Europe (4)

USA Sci ence and Technol ogy Center, Far East (4)

USA System I ntegrati on and Managenent Activity (4)

USA Technical Center for Explosives Safety (4)

USA Test, Measurenent, Diagnostic Equi pnent Activity (4)
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